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FOREWORD 

'The spacec ra f t  operational.  t r a j e c t o r y  f o r  Mission F i e  composed of 
f i v e  volumes which s u m a r i z e  t h e  l u n a r  o rb i t a l .  missions for a 3-month 
launch pe r iod ,  May, June,  and July 1969. The con ten t s  of each volume 
are b r i e f l y  descr ibed  Selow. 

1. Volune I - Operakicnal Mission P r o f i l e ,  Launched May 1 7 ,  1969: 
De ta i l ed  mission d e s c r i p t i o n  of t h e  f i r s t  launch oppor tun i ty ,  f irst  
i n j e c t i o n  oppor tun i ty ,  of t h e  May launch window. MSC I N  69-FM-65, 
March 26, 1969. 

2. Volume I1 - Operat ional  Mission P r o f i l e  T ra j ec to ry  Parameters ,  
Launched May 17 , 1969: 
computed at s e l e c t e d  t i m e  p c i n t s  dur ing  each phase of t h e  same t y p i c a l  
mission descr ibed  i n  Volume I. 

List iKg of s i g n i f i c a n t  t r a j e c t o r y  parameters 

MSC I N  6 9 - ~ ~ - 6 6 ,  March 10 ,  1969. 

3. Volume I11 - Mission S m a r i e s :  May 1969 Launch Window: 
Summaries of CSM t r a J e c t o r y  parameters a t  s e l e c t e d  t ime p o i n t s  for each 
launch  d a t e  i n  t h e  May 1969 launch window. MSC I N  69-FM-67. 

4. Volume I V  - Mission Summaries: June 1969 Launch Window: 
Summaries of CSM t r a j e c t o r y  parsmeters a t  s e l e c t e d  t ime p o i n t s  for each 
launch  d a t e  i n  t h e  June 1969 window. MSC IN 69-FM-68. 

5. Volume V - Mission Summaries: J u l y  1969 Launch window: 
Summaries of CSM t r a j e c t o r y  parameters a t  s e l e c t e d  t ime po in t s  f o r  each 
launch  d a t e  i n  t h e  J u l y  1969 window. MSC I N  69-FM-69. 

I n  a d d i t i o n  t o  t h e  f i v e  volumes of  t h e  o p e r a t i o n a l  t r a j e c t o r y  
desc r ibed  above , two a d d i t i o n a l  documents supplement t h e  ope ra t iona l  
t r a j e c t o r y  : 

1. Howell, E.  C .  ; H u n t  , C .  R .  ; and Simmons , V .  W .  : Pre l iminary  
Lunar Orbi t  A t t i t u d e  Sequence for  Mission F. 
February 21, 1969. 
t h a t  shows t h e  sequence of events f o r  t h e  luna r  o r b i t a l  phase of  t h e  
miss ion .  The event  times were oStained from Volume I1 of t h e  ope ra t iona l  
t r a j e e t c y  d=ci;1.,ect ?_n_d fr~m t,he pre l iminary  f l i g h t  p lan  f o r  Mission F. 

MSC I N  69-FM-51, 
This  document con ta ins  t h e  mission a t t i t u d e  t i m e l i n e  

iii 



2. Brewer, B. A . ;  and V i & ,  M .  B . :  T L I  Ship P o s i t i o n  and Coverage 
Data for Apollo Mission F Lunar Launch Oppor tuni t ies  for May 1969. 
MSC I N  69-FM-56, March 5 ,  1969. 
p o s i t i o n s  and t h e  launch azimuth range coverage for each day for both 
i n j e c t i o n  oppor tun i t i e s .  The e n t r y  s h i p  p o s i t i o n s  are not show. 

This document shows t h e  i n j e c t i o n  s h i p  

i v  
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SPACECRAFT OPERATIONAL TRAJECTORY 

FOR APOLLO MISSION F 

VOLUME I - OPERATIONAL MISSION PROFILE LAUNCHED MAY 17 ,  1969 

By Lunar Mission Analysis  Branch, Lunar Landing Branch, 
snd Orbits1 Mission Analysis  Branch 

1 . 0  SUMMARY 

This volume i s  t h e  f irst  i n  a s e r i e s  r e l a t e d  t o  t h e  Apollo Mission F 
(CSM-106/LM-b) Spacecraf t  Operational T ra j ec to ry  . 
Volume I1 presen t  a d e t a i l e d  opera t iona l  mission p r o f i l e  f o r  a t y p i c a l  
l u n a r  o rb i t a l  mission t h a t  would occur wi th in  a 3-month launch per iod:  
May, June,  and J u l y  1969. Mission summaries for each of t h e  3 months 
are presented  i n  volumes 111, I V Y  and V.  For a l l  t h r e e  monthly launch 
windows, t ranslunar  i n j e c t i o n s  are  from t h e  P a c i f i c .  The ope ra t iona l  
t r a j e c t o r y  w a s  designed t o  r e f l e c t  t h e  changes i n  mission ground r u l e s  
and c o n s t r a i n t s  s i n c e  t h e  publ ica t ion  of t h e  F mission r e fe rence  t r a -  
j e c t o r y .  The most important changes are t h e  fo l lowing .  

This  volume and 

1. The launch d a t e  i s  May 1 7 ,  1969. 

2. The t o t a l  36O launch azimuth range i s  used.  

3 .  The T L I  maneuver i s  biased t o  compensate for a CSM evasive 
a maneuver t h a t  fol lows LM ex t r ac t ion .  

a The T L I  b i a s  and t h e  evasive maneuver are not  a c t u a l l y  included i n  

4. The t i m e  from LOI-1 t o  DO1 i s  now approximately 24.4 hours 
r a t h e r  t han  22.4 hours .  

5.. After t h e  nominal rendezvous, an APS burn t o  dep le t ion  i s  
planned r a t h e r  t han  a CSM rescue  s imulat ion.  

5 .  

7 .  The e n t r y  range i s  1350 n .  m i .  ( r e l a t i v e ) .  

The s h o r t e r  range t r a n s e a r t h  f l i g h t  t imes  a r e  planned. 

t h e  translunar t r a j e c t o r y .  
t h e  t r a j e c t o r y .  

The change w a s  made a f te r  t h e  genera t ion  of a 



2 

The launch d a t e  f o r  t h e  p r o f i l e  i s  May 17,  1969; t h e  launch azimuth 
i s  72'; t r ans luna r  i n j e c t i o n  occurs  dur ing  t h e  second o r b i t  over t h e  
P a c i f i c .  The t a r g e t e d  luna r  s i t e  i s  s i t e  1, loca ted  a t  a selenographic  
long i tude  of 34.03' E and a t  a selenographic  l a t i t u d e  of 2.63' N .  
The dura t ion  of t h i s  s p e c i f i c  mission i s  approximately 7 days 23 hours;  
l u n a r  o r b i t a l  s t a y  t ime i s  approximately 52 hours ,  and t r a n s e a r t h  f l i g h t  
t i m e  i s  63 hours. 
of t h e  launch v e h i c l e  and spacec ra f t  t o  meet a l l  of t h e  F mission o b j e c t i v e s .  

The ope ra t iona l  t r a j e c t o r y  demonstrates t h e  c a p a b i l i t y  

2 .0  INTRODUCTION 

This volume and volume I1 presen t  t h e  mission p r o f i l e  f o r  t h e  f irst  
launch opportuni ty  (72' launch azimuth) f i r s t  i n j e c t i o n  oppor tuni ty  on 
May 1 7 ,  1969. The sequence of  major events  i s  presented  i n  t a b l e  2-1. 
A t ime tab le  of mission events  i s  presented  i n  t a b l e  2-11. The e lapsed  
t imes between a l l  major mission events  can be obta ined  from t h i s  c h a r t ,  
which i s  similar t o  t h e  mileage c h a r t s  on road maps. 
window smnary  i s  presented  i n  t a b l e  2-111. The t a r g e t e d  lunai- s i t e  i s  
s i t e  1, which i s  l o c a t e d  34.03' E ,  2.63' N .  The l u n a r  s i t e  selenographic  
coord ina tes  and e l e v a t i o n  above t h e  mean lmar  sphere are l i s t e d  i n  
t a b l e  2-IV. 

The May launch 

A complete t r a j e c t o r y  d e s c r i p t i o n  i s  provided i n  volilme 11, 
Opzrat ional  Mission P r o f i l e  T ra j ec to ry  Parameters .  
used i n  t h e  design of t h e  ope ra t iona l  t r a j e c t a r y  are def ined  i n  s e c t i o n  3 
of v o l i i e  I. 
d a t a  are contained i n  t a b l e s  2-V and 2-VI, r e s p e c t i v e l y .  The assumed 
mission-independent expendables are presented  i n  t a b l e  2-VII. 
a c q u i s i t i o n  and termiriation data. f o r  a l l  phases of  the mission are 
provided i n  table 2-VIII. 
computed f o r  Oo and 5' minimum e l e v a t i o n  angles  f o r  each n i s s l o n  phase.  
The t r ack ing  info;-mation and t h e  tables and b a r  c h a r t s  a r e  f o r  only t h e  
s e l e c t e d  launch azimuth (72') and f o r  t h e  f i rs t  in j ec t io r i  oppor tuni ty .  

The ground r u l e s  

The spacec ra f t  (SC!) weight summary and engine performance 

Radar 

The AOS and LOS t r a c k i n g  information w a s  

An ehr th  o r b i t a l  i n s e r t i o n  s h i p  and t'vTo t r ans l i l na r  i n j e c t i o n  s h i p s  
a r e  used t o  provide t h e  d e s i r e d  support  ( r e f .  1). The s h i p  l o c a t i o n s  
f o r  May 17 are  as fo l lows .  

1. Inse r t ion  Ship - 25' N ,  49' W 

2 .  In j ec t ion  Ship 1 - 34' S ,  130' C 

3. Injec- t ion Ship 2 - 14' S ,  145.5'  E 
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1 -  

I .  

The i n s e r t i o n  sh ip  provides  t h e  r equ i r ed  coverage f o r  e a r t h  parking 
o r b i t  i n s e r t i o n  f o r  t h e  t o t a l  36" launch azimuth spread.  
requi remta t  i s  1 miriute of 2 o s t i n s e r t i o n  coverage above a 5' minimum 
e l e p a t i o n  angle .  The i n j e c t i o n  sh ips  a r e  placed t o  provide coverage f o r  
t h e  las t  2 minutes of t h e  p r e i g n i t i o n  sequence f o r  as much of  t h e  d a i l y  
window as p o s s i b l e .  
and 2-IX(b). The most s i g n i f i c a n t  p o i n t s  r e f l e z t e d  by t h e  d a t a  i n  
t a b l e  I X  are t h a t  launch occurs  i n  day l igh t  and t h a t  e a r t h  landing  occurs  
approximately 1 hour and 20 minutes p r i o r  t o  s u n r i s e .  

The coverage 

The mission shadow t tme l inc  i s  shown i n  t a b l e  2-IX(a)  

3.0 SYMBOLS AND NOMENCLATURE 

AGS 

AOS 

ATS 

C 

CDH 

CDR 

CMC 

CMP 

C S I  

C S M  

c .g .  

D O 1  

DPS 

DSKY 

EL 

EMS 

EPO 

FTP 

abor t  guidance system 

a c q u i s i t i o n  of s i g n a l  

a scen t  propuls ion system 

cross-product s t e e r i n g  gain cons tan t  

cons tan t  d e l t a  height  

commander 

command module computer 

command module p i l o t  

concent r ic  sequencing i n i t i a t i o n  

command and s e r v i c e  modules 

c e n t e r  of g r a v i t y  

descent  o r b i t  i n s e r t i o n  

descent  propuls ion sys tem 

d i sp lay  keyboard 

e n t r y  i n t e r f a c e  

e n t r y  monitcr system 

e a r t h  parking o r b i t  

f i x e d  t h r o t t l e  po in t  



4 

il a 

h 
P 

I GA 

IMU 

IVT 

J e r k  

I! /U 

IILN 

LM 

LMr 

LO1 

LGS 

LPO 

LOX 

LV 

MGA 

KiBY 

MSFC 

OGA 

OPS 

PC 

PDI 

PGNCS 

PT C 

apogee a l t i t u d e  

per igee  a l t . i t u d e  

inner  gimbal angle  

i n e r t i a l  measurement u n i t  

i n t e rveh icu la r  t r a n s f e r  

t ime d e r i v a t i v e  of acce le sa t ion  

l i f t  -t o-dr ag ra t  i o  

luna r  landing mission 

luna r  module 

lunar module p i l o t  

l una r  o r b i t  i n s e r t l o n  

loss of s i g n a l  

l una r  parking o r b i t  

l i q u i d  oxygen 

launch veh ic l e  

middle gimbal angle  

mean nea res t  Resse l ian  y e a r  

Marshall Space F l i g h t  Center 

ou ter  gim5al angle  

oxygen purge cystem 

plane change 

powered descent i n i t i a t i o n  

primary gui dance and nav iga t ion  c o n t r o l  subsystem 

pass ive  thermal c o n t r o l  
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RDG 

R C S  

REFSWT 

RT 

sc 

SPS 

T&D 

T E I  

t I G  

T L I  

T f  

TPF 

TPI 

VHF 

p o s i t i o n  t a r g e t  for LM powered descent  guidance 

r e a c t i o n  c o n t r o l  system 

t ransformat ion  matrix from t h e  b a s i c  r e fe rence  coord ina te  
system t o  t h e  s t ab le  member (IMU) coordina te  system 

t a r g e t  vec to r  f o r  Lambert guidance scheme 

spacec ra f t  

s e r v i c e  propuls ion system 

t r a n s p o s i t i o n  and docking 

t r a n s e a r t h  i n j e c t i o n  

t i m e  a t  i g n i t i o n  

t r a n s l u n a r  i n j e c t i o n  

A t  from i g n i t i o n  t ime (t ) t o  Lambert t a r g e t  vec to r  (RT) IG 

t e rmina l  phase f i n a l i z a t i o n  

t e rmina l  phase i n i t i a t i o n  

very h igh  frequency 

components of ve loc i ty  t o  be gained i n  t h e  l o c a l  v e r t i c a l  
coord ina te  system 

components of u n i t  vector  i n  v e h i c l e  s t a b l e  member system 
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4 .O PRIMARY GUIDELINES AND CONSTRAINTS 

The design of t h e  mission and t h e  r e s u l t a n t  launch windows were 
based on the  fol lowing primary gu ide l ines  and c o n s t r a i n t s .  

a .  
d ~ y s  across  a %day per iod  wi th  launches scheduled f o r  t h e  f i rs t ,  
second, fou r th ,  seventh ,  e i g h t h ,  and n in th  days.  

The monthly launch windows w i l l  c o n s i s t  of s i x  p o s s i b l e  launch 

b .  All launch d a t e s  a r e  s e l e c t e d  t o  achieve favorable  luna r  
l i g h t i n g  condi t ions f o r  t h e  pr ima-y G mission landing  s i t e s .  

c .  Two a d d i t i o n a l  launch days a r e  added t o  t h e  normal G mission 
window, which c o n s i s t s  of only t h e  f i r s t  four  launch days.  
launch days, which are t a r g e t e d  t o  s i t e  5 ,  accept  t h e  r e s u l t a n t  high 
sun e leva t ions  a t  t h e  s i t e .  

The add i t iona l  

d .  Daylight launch i s  h igh ly  d e s i r a b l e .  

e .  A launch azimuth range of 72” t o  108O w i l l  be  t a r g e t e d .  

f .  The launch wi.nCiow i s  designed f o r  P a c i f i c  i n j e c t i o n .  

g .  Two TLI  oppor tun i t i e s  are t a r g e t e d :  t h e  f i rs t  on t h e  second 
r evo lu t ion  and t h e  second on t h e  t h i r d  r evo lu t ion .  

h .  TLI w i l l  be t a r g e t e d  f o r  a f r ee - r e tu rn  circumlunar t r a j e c t m y .  

i .  The LO1 maneuver w i l l  Le performed i n  two s t a g e s ;  t h e  f i r s t  
burn ,  L O I - I ,  w i l l .  r e s u l t  i n  a 60- by 170-n. m i .  e l l i p t i c a l  o r b i t ,  and 
t h e  second burn, LOI-2, w i l l  c i r c u l a r i z e  t h e  o r b i t  a t  60 n .  m i .  two 
revol-dtions l a t e r .  

j. The luna r  o r b i t  o r i e n t a t i o n  w i l l  be  s e l e c t e d  SO t h a t  t h e  
spacec ra f t  w i l l  pass  over a primary G mission s i t e  on t h e  t h i r t e e n t h  
r evo lu t ion  a f t e r  LOI-1.  This  o r i e n t a t i o n  r e s x l t s  i n  a d e l t a  t ime 
of approximately 24 hours from LOI-1 t o  D O I .  

k .  
as poss ib l e .  
arid an APS burn t o  dep le t ion .  

Luna;- opera t icns  w i l l  s imula te  t h e  G miss icn  t i m e l i n e  as c l o s e l y  
The opera t ion  w i l l  inc lude  a G mission type  of rendezvous 

1. 
moon system. 

The APS burn t o  dep l? t ion  w i l l  be t a r g e t e d  t o  escape t h e  e a r t h -  

m .  The t i m e  from L O I - 1  t o  TET nominally w i l l  be apprcximately 
52 hours (26 r e v o l u t i o n s ) ,  which allows f o r  a r e s t  p e r i c d  af’ter rendezvous.  
However, a n  opt ion w i l l  e x i s t  for performance of T E I  on an e a r l i r r  
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revo lu t ion  i f  t h e  f u l l  r e s t  period i s  not 6 e s i r e d  o r  on a la ter  r evo lu t ion  
. i f  observa t ion  of an a d d i t i o n a l  G candida te  s i t e  f o r  t h e  G mission wonld 
be poss ib l e .  

n .  The TEI  maneuver w i l l  be t a r g e t e d  t o  r e t u r n  as soon as p o s s i b l e  
t o  165' W long i tude  wi th in  t h e  ava i l ab le  AV c a p a b i l i t y  and without  
exceeding a r e t u r n  i n c l i n a t i o n  of 40'. 

0 .  The e a r t h  r e l a t i v e  en t ry  range target ;  w i l l  be  135C n .  m i .  

5 .O MISSION SUMMARY 

I n  t h i s  s e c t i o n ,  a mission p r o f i l e  i s  summarized f o r  a May 17 ,  1969, 
launch d a t e .  The burn t imes ,  p rope l lan ts  u sed ,  and most mission phsLse 
t lmes  t h a t  are presented  i n  t h i s  s e c t i o n  are t y p i c a l  of t h e  luna r  o r b i t a l  
missions planned f o r  t h e  May and June launch window 

The p r o f i l e  i s  concise ly  presented i n  t a b l e  2-1. I n  t h i s  s e c t i o n ,  
major even t s ,  spacec ra f t  performance c h a r a c t e r i s t i c s ,  and s i g n i f i c a n t  
t r a j e c t o r y  parameters are described i n  d e t a i l  f o r  each phase.  

I n  t h e  des ign  of t h e  spacecraf t  o p e r a t i o n a l  mission,  t h e  L'J n i s s i o n  
phases were s imulated independently of t h e  exac t  LV ope ra t iona l  t r a j e c t o r y .  
The t r a j e c t o r y  d a t a  presented  here for t h e  LV mission phases were s imulated 
wi th  LV d a t a  rece ived  from t h e  MSFC for t h e  Apollo 8 mission.  
v e h i c l e  conf igu ra t ion  i s  considerably l i g h t e r  than  t h e  a c t u a l  Mission F 
conf igu ra t ion .  No attempt was made t o  d u p l i c a t e  exac t ly  t h e  LV operat ior ia l  
miss ion ,  and t h e  in fo rna t ion  for  t h e  LV phases w i l l  d i f f e r  from t h a t  i n  
t h e  o f f i c i a l  t r a j e c t o r y  document ( r e f .  2 ) .  
mission phases would be considered as t y p i c a l  va lues  only.  

This 

The parameters f o r  t h e  LV 

Et 5.1 Earth Launch 

The l w n c h  t i m e  f o r  t h i s  mission was determined t o  provide an 
optimized i n j e c t e d  payload t o  support two i n j e c t i o n  oppor tun i t i e s .  
1a:mch t i u e ,  i n  p a r t i c u l a r ,  d i f f e r s  s l i g h t l y  from t h e  o f f i c i a l  launch 
t i m e  i n  t h e  MSFC! LV opera t iona l  t r a j e c t o r y .  

The 

a The parameters f o r  t h i s  Thase are presented  f o r  information only .  
The o f f i c i a l  Source f o r  t h j s  phase i s  t h e  MSFC LV ope ra t iona l  t r a j e c t o r y  
( r e f .  2). 
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I 5.3  Translunar  I n j e c t i o n  

To provide a day l igh t  launch and acceptab le  l i gh t i r ig  a t  t h e  t a r g e t  
l u n a r  landing s i t e ,  t h e  mission w a s  designed f o r  a P a c i f i c  i n j e c t i o n .  
The launch is summarized as fo l lows .  

Date, month, day, yea r  . . . . . . . . . . . .  May 1 7 ,  1969 

Time, hr:min:sec,  e . s . t .  . . . . . . . . . . .  11:33:49:4 

Azimuth., deg . . . . . . . . . . . . . . . . .  72 

Location (Cape Kennedy , Complex 39B) 

Geodetic l a t i t u d e ,  deg:min:sec . . . . . . .  28':37':38.31" 
Longitude, deg:min:sec . . . . . . . . . . .  279':22':44.86" 

5.2 Ear th  Parking Orbi t"  

h m s Inse r t ion  i n t o  EPO occurs a t  00 11 21.6 g . e . t .  The i n s e r t i o n  
condi t ions  we as fol lows.  

In se r t ion  l o c a t i o n  

Geodetic l a t i t u d e ,  deg . . . . . . .  32.7 
Longitude, deg . . . . . . . . . . .  -54.3 
A l t i t u d e ,  n .  m i .  . . . . . . . . . .  103.3  

I n c l i n a t i o n ,  deg . . . . . . . . . . .  32.6 

The i n s e r t i o n  s h i p  pos i t i oned  a t  25' N l a t i t u d e  and 49' W long i tude  
t r a c k s  t h e  vehicle  f a r  a .pp~oxlmately 3 minutes a f t e r  i n s e r t i o n ;  minimum 
e leva t ion  a n g l e  i s  0'. 
f i g u r e  5.2-1. 

A ground t r a c k  of t h e  EPO phase i s  given i n  

The LV maintains l o c a l  h o r i z o n t a l  a t t i t u d e  throughout t h e  EPO phase 
except f o r  an i n e r t i a l  hold of approximately 1 0  seconds immediately 

h m  after EPO i n s e r t i o n .  The t o t a l  t i m e  spent  i n  EPO i s  2 20 . 

The T L I  burn i s  i n i t i a t e d  near  t h e  western coas t  of A u s t r a l i a  du r ing  
t h e  second revolut ion i n  EPO. Note t h a t  t h e  LV/SC weight model used t o  
s imula te  t h e  T L I  phase was t h e  Apollo 8 conf igu ra t ion  and t h a t  t h e  burn 

a The paranieters f o r  t h i s  phase a r e  approximate and a r e  presented  f'oi- 
information only.  
veh ic l e  opera t iona l  t r a j e c t o r y  ( r e f .  2). 

The Gf f i ca l  source f o r  t h i s  phase i s  t h e  MSFC launch 
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parameters below d o  no t  represent  r e a l i s t i c  va lues  f o r  t h e  Apollo 10 
(Mission F )  conf igura t ion .  

T L I  burn i n i t i a t i o n  

Time, hr :min:sec,  g.e:t. . . . . . . . .  2:31:36.4 

Longitude, deg . . . . . . . . . . . . .  128.6 
Geodetic l a t i t u d e  . deg . . . . . . . . .  -27.8 

TLI  cu to f f  

Geodetic l a t i t u d e ,  deg . . . . . . . . .  -18.3 
Longitude, deg . . . . . . . . . . . . .  151.8 
Burn du ra t ion ,  s e c  . . . . . . . . . . .  307.0 
S-IVB p rope l l an t  used, lb . . . . . . .  149. 000 
Plane change, deg . . . . . . . . . . .  1 .0  

The TLI  maneuvers i s  i n i t i a t e d  i n  darkness ,  a i d  t h e  v e h i c l e  e n t e r s  
s u n l i g h t  approximately miduay tlirough t h e  T L I  burn.  (Coverage for. t h e  
major p a r t  o f  t h e  p r e i g n i t i o n  seqkence i s  provided by Carnarvcn, which 
a l s o  provides coverage d u r i r g  the e a r l y  p a r t  of t h e  burn.  Addi t iona l  
support  of t h e  burn and p r e i g n i t i o n  sequence i s  suppl ied  by t h e  i n j e c t i o n  
s h i p s  ( s e c t i o n  2 . 0 ) .  The t r ack ing  and l i g h t i n g  and mission events  
smmary i s  s h o w  i n  l ' igure 5.3-1. 

The TLI  burn i.s b i a sed  for a 2 m/sec overburn t o  compensate f'or t h e  
SPS evasive rnaneuver t h a t  i s  performed a f te r  LM e x t r a c t i o n  ( s e c t i o n  5 . 5 ) .  

5 .4  Free-Return Circumlunar Tra jec tory  

Free-return touchdown assumes p e r f e c t  execut ion of T L I  and no 

A more d e s i r a b l e  landing  p o s i t i o n  can be  
c o r r e c t i o n  maneuvers. It is  planned t o  occur i n  t h e  Indian  Ocean 
sou theas t  of Madagascar. 
i n su red  by a p p l i c a t i o n  of a co r rec t ive  maneuver at  an acceptab le  t ime 
dur ing  e i t h e r  t h e  t r a n s l u n a r  or t r a n s e a r t h  coas t  phases of t h e  circum- 
l u n a r  t r a j e c t o r y .  The f ree- re turn  t r a j e c t o r y  i s  cha rac t e r i zed  by t h e  
following . 

Per icynth ion  

T i m e ,  hr :min:sec,  g . e . t .  . . . . . . . .  76:11:50.3 
A l t i t u d e ,  n. m i .  . . . . . . . . . . . .  59.3 
Selenographic l a t i t u d e  . deg . . . . . .  1.97 
Selenographic longi tude ,  deg . . . . . .  178.5 

Return vacuum perigee a l t i t u d e  , 
n.  m i .  . . . . . . . . . . . . . . . . .  15.2  

T r a n s i t  t ime from TLI t o  e n t r y  i n t e r f a c e ,  
hr:min:sec . . . . . . . . . . . . . . .  147:44:12 
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Earth entry 

Time, hr :min:sec,  g . e . t .  . . . . . . . .  150:15:48.2 
U t i t u d e ,  n .  m i .  . . . . . . . . . . . .  65.8 
Geodetic l a t i t u d e  . deg . . . . . . . .  -18.0 
Longitude, deg . . . . . . . . . . . . .  45.2  
I n c l i n a t i o n ,  deg . . . . . . . . . . . .  33.5 

Touchdown 

Geodetic l a t i t u d e ,  deg . . . . . . . . .  6 7 . 1  
Longitude deg -27 9 . . . . . . . . . . . . . .  

5 .5  Pos t t r ans luna r  I n j e c t i o n  Events 

The summary of t h e  major events from T L I  cu tof f  t t r o u g h  S-IVB 
To determine t h e  sepa ra t ion  LOX blowdown i s  given i n  t a b l e  5.5-1. 

a t t i t u d e  maneuver (TB-7 p lus  900 s e c ) ,  t h e  sun w a s  cons t ra ined  t o  
between 32' and 90' of t h e  LV +X-axis. This c o n s t r a i n t  provides  over- 
the-shoulder l i g h t i n g  and avoids any CSM shadow on t h e  S-IVB f o r  t h e  
docking phase. 
i g n i t i o n  (column 1 of t a b l e  5 .5 -1 ) ,  and t h e  LV event  times w i l l  be  
re ferenced  t o  TB-7. 
t o  TB-7 as the T L I  burn t ime v a r i e s .  The SC maneuver t imes re ferenced  
t o  TB-7 i n  the t a b l e  assumed a 300-second T L I  burn t ime.  The purpose 
of t h e  evasive maneuver a t  approximately TB-7 p lus  9600 seconds i s  t o  
decrease the  p r o b a b i l i t y  of S-IVB recon tac t  and t o  avoid t h e  i c e  
p a r t i c l e s  expected t o  be expel led  by t h e  S-IVB dur ing  t h e  LOX dump. 

The onboard SC event t imes w i l l  b e  re ferenced  t o  T L I  

Therefore ,  t h e  SC event  times w i l l  vary with r e s p e c t  

The current  p r o f i l e  combines an e a r l y  SPS confidence burn w i t h  
t h e  evas ive  maneuver. 
approximatzly 3 seconds i n  du ra t ion .  
without jeopardizing t h e  RCS c a p a b i l i t y  t o  r e t u r e  t o  a f r ee - r e tu rn  c i r -  
c :duna r  missiqn, t h e  TLI: burnout condi t ions  w i l l  5 e  b i a sed  f o r  a 
2- mlsec overs7eed at burn te rmina t ion .  The SPS 9vasfve msneuver tnen  
w i l l  be performed i n  s d i r e c t i o n  which w i l l  cgmpensate f T r  t h e  TLI b i a s .  
The a t t i t u d e  w i l l  be p i t ched  dDwn 75' with respeck t o  t h e  ].oca1 h o r i z o n t a l .  
This a t t i t u d e  w i l l  prcvide f o r  SC high ga in  %band coverage v i t h  t h e  
s t e e r a b l e  anteiinz, and a rc!l of  ctpprQximately +_60° (based on t h e  CSM/S-TVB 
sepa ra t ion  a r t i  tude)  provides f o r  v i s u a l  monitor ing of t h e  6-IVB dur ing  
t h e  evas ive  maneuver burn.  4 t  approximately 2 hours  a f t e r  TLI, t h e  
S-IVE j s  ground comnanded t o  assume a l o c a l  h o r i z o n t a l  a t t i t u d e  for 
t h e  LCX blDwdcwn. The l o c a l  h o r i z o n t a l  a t t i t u d e  components a r e  t h e  
fol lowing:  p i t c h ,  194'; yaw, 0"; r o l l ,  180". The magnitude 
of t h e  AV t h a t  r e s u l t s  from t h e  LOX dump i s  expected t o  be approximately 

This SPS burn w i l l  have a AV of 20 f p s  and w i l l  be 
To achleve a burn of  t h i s  magnitude 

120 fps.  

The LOX dump maneuver i s  designed t o  reduce t h e  p r o b a b i l i t y  of SC 
recontac t  w i t h  the S-IVE and a l s o  t o  prevent  S-IVB impact wi th  t h e  
e a r t h  o r  moon. Nominally, t h e  LOX dump naneuver r e s u l t s  i n  a 
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I -  

s l ing-shot  t r a j e c t o r y ;  t h e  S-IVB w i l l  pass  behind t h e  t r a i l i n g  edge of 
t h e  moon and w i l l  be  acce le ra t ed  by t h e  l u n a r  g r a v i t a t i o n a l  f i e l d .  
r e s u l t  i s  a h e l i o c e n t r i c  o r b i t  which avoids e i t h e r  e a r t h  o r  l u n a r  impact.  

The 

5.6 Translunar Coast 

A ground t r a c k  of t h e  t r ans luna r  coas t  phase i s  given i n  
f i g u r e  5.6-1. 
10  hours of  t r a n s l u n a r  coas t  a r e  provided i n  f i g u r e s  5.6-2 and 5.6-3, 
r e s p e c t i v e l y .  

Time h i s t o r i e s  of a l t i t u d e  and t r u e  anomaly f o r  t h e  f i r s t  

Pass ive  thermal  c o n t r o l  a t t i t u d e  w i l l  be  maintained throughout most 
of t h e  t r a x s l u n a r  coas t  phase.  
have been def ined  at t h e  following t i m e s .  

Four mi.dcourse c o r r e c t i o n  maneuver p o i n t s  

1. TLI  p l u s  7 hours (MCC-1) 

2 .  T L I  p lus  24 hours (MCC-2) 

3. LO1 mlnus 22 hours ( M C C - 3 )  

11. LO1 minus 5 hours ( M C C - 4 )  

The t h i r d  midcourse cor rec t ion  ( M C C - 3 )  w i l l  be t h e  prime maneuver 
t o  e s t a b l i s h  t h e  des j r ed  luna r  approach t r a j e c t o r y .  The f irst  two 
maneuvers w i l l  no t  be performed unless  t h e  magnitude of t h e  MCC-3 
maneuver exceeds 25 f p s .  The M C C - 1  or MCC-2 mar,euver o r  both w i l l  
t h e n  be performed only i f  t h e i r  values  exceed t h e  SPS minimum imp-dse 
( = 3  0s). 

w i l l  be  performed i f  t h e  pred ic ted  magnitude of MCC-4 i s  g r e a t x  than  
3 fps  us ing  t h e  SPS. 
MCC-3 2s less than  3 f p s  and i f  LOI-1  t a r g e t i n g  cannot absorb t h e  
ancor rec t ed  a2proach d isgers ions  wi thout  a s h i f t  g r e a t e r  t han  45' i n  t h e  
l i n e  of apsides  of t h e  60- by 170-n. m i .  o r b i t ,  VCC-3 w i l l  b e  per:'ormed 
wi th  The SM RCS; hcwever, i f  LOI-1 t a r g e t i n g  can absorb t h e  d i spe r s ions  
wi th  l e s s  t han  E 45' a p s i d a l  snif t ,  M E - 3  w i l l  no t  be performed. 

The MCC-1 and MCC-2 r e s idua l s  w i l l  no t  be  t r i m e d .  

To avoid use  of t h e  SPS for t h e  MCC-4 maneuver, t h e  MCC-3 maneuver 

Residuals w i l l  be trimmed t o  wi th in  0 . 5  f p .  I f  

The MCC-11 maneuver w i l l  not be  performed i f  t h e  d i spe r s ions  can be 
absorbed by t h e  LOI-1  t a r g e t i n g  wi th  aps ida l  r o t a t i o n  less  than  115'; 

t han  3 fps  o r  t h e  SM RCS if the A V  l e s s  than  3 f p s .  
be trimmed t o  wlthiri  1 fps  i f  the SPS i s  r equ i r e?  f o r  t h e  MCC-4 maneGver. 

o therwise  t h e  maneu.ver w i l l  be perIormea w i t i i  iiie SFS If +Lh b L L L  bV g r e i t e r  
The r e s i d u a l  w i l l  

The maneuvers a r e  SNCS cont ro l led  and use e x t e r n a l  AV guidance. 
Unless gim5al iock  problems occur, t h e  pad IMU alinement (REPSWT) 
w i l l  be used f o r  t h e  MCC-1; t h e  PTC REFSMMAT, f o r  MCC-2 and MCC-3; and 
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t h e  descext  IIEFSMMAT, f o r  MCC-4. The CSM remains i r l  sun l igh t  dur ing  
t h e  e n t i r e  t r ans luna r  coas t  phase [ t a b l e  2-TX( a )  3 .  
t h e  Fhas? i s  73 hours 37 rninutes. A l t i t ude  above t h e  luca r  su r face  for 
t h e  las t  10  hours of  trar:s!.ur,a?- coas t  i s  >rovided i n  f i g u r e  5.6-4. 

The dura t ion  Of 

5 .7  Lunar Orbit; I n s e r t i o n  

The LOI-1 i s  designed T O  i n s e r t  t h e  CSM i n t o  approximately a 
60- by 170-n. m i .  LPO. A t ime hj-s tory of t r a j e c t o r y  garameters dur ing  
t h e  blirr? i s  present2d i n  f i g u r e  5.7-1. 
e x t e r n a l  AV guidance. A d e s c r i p t i o n  of t h e  burn i s  as follows. 

The burn was s imulated with t h e  

L , O I  i n i t i t ? t i o n  

Time, hr :min:sec,  g . e . t .  . . . . . . . . . . . .  76:08:17.6 
Selenographi c l a t i t u d e ,  deg . . . . . . . . . .  0.5 
Al t i tude ,  n. m i .  . . . . . . . . . . . . . . . .  84. C, 

Selenographic longi tude  . deg . . . . . . . . . .  -165 .O 
Burn d w a t i  on, min : see  . . . . . . . . . . . . . .  5 : 52.5 
I n e r t i a l  biirn a r c ,  deg . . . . . . . . . . . . . .  23 .O 

Plane change, deg . . . . . . . . . . . . . . . .  0.5 
AV,fps  . . . . . . . . . . . . . . . . . . . . .  2867 

SPS propel lan t  used,  3.b . . . . . . . . . . . . .  22 9’71 

LO1 burnoct (s t .ar t  J,P3) 

T i m e ,  hr :min:sec,  g . e . t .  . . . . . . . . . . . .  76:lh:lO.l 
Al t i tude ,  n .  m i .  . . . . . . . . . . . . . . . .  58.9 
Selenographic l a t i t u d e ,  deg . . . . . . . . . .  2.6 
Selenographic longi tude  . deg . . . . . . . . . .  172.0 
Selenographic inc l i . na t ion ,  deg . . . . . . . . .  174.3 

Per iod  of LPO, hr:min:sec . . . . . . . . . . . .  2:08:36 
Al t i tude  o f  per icynth ion  of LPO, n. m i .  . . . . .  58.9 
Al?itude of spocynthion of LPO, n .  m i .  . . . . . .  168.9 
The LOI-1 burn parameters were computed without  s imula t ion  of t ,he 

SPS t h r u s t  buildup and t , a i l o f f .  The e f f e c t  of t h e s e ,  however, i s  r e -  
f l e c t e d  ir ,  the burn parameters presented  i n  t h e  s imula t i cn  d a t a  package 
( r e f .  3 ) .  
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The REFSMMAT used for t h e  1,OI-1 burn as we l l  as f o r  all o t h e r  burns 
i n  L,PC i s  t h e  landing  s i t e  alinement a t  t h e  nominal rJ mission landing  
t i m e  r e l a t i v e  t o  D O I .  

The t a r g e t  loads for the LOI-1 burn are given i n  t a b l e  5.7-1. 
More d e t a i l  ed information about the bu rn ,  inc luding  r e s e t  p o i n t s ,  
naviga t ion  updates ,  and ign i t io r l  gimbal ang le s ,  i s  given i n .  t h e  F Mission 
S i n u l a t o r  Data Package ( r e f .  3 ) .  

5.8 Lunar Orbit C i r c u l a r i z a t i o n  

X coplanar  c i r c u l a r i z a t i o n  burn ( L O I - 2 )  i s  performed t o  p l a c e  t h e  
CSM i n  approximately FL 60-11. m i .  c i r c u l a r  LFO a f t e r  two r evo lu t ions  i n  
t h e  60- by 170-n. m i .  o r b i t .  
(60 n .  m i . )  i s  measared r e l a t i v e  t o  t h e  luna r  t a r g e t  s i t e  ( t a b l e  2 - I V )  
and not  rel.ative t o  t h e  mean lunar r a d i l s .  

The t a r g e t  a l t i t u d e  of  t h e  o r b i t  

The landing  REFSMMAT ( tab le  5.8-1) i s  used,  and t h e  CSM i s  o r i e n t e d  
heads dom. The burn i s  i n i t i a t e d  near  per lcynth ion  of t h e  second 
r e v o l u t i o n .  More d e t a i l e d  information i s  given i n  r e fe rence  4 .  The 
c h a r a c t e r i s t i c s  of t h e  burn a r e  the  fol lowing.  

C i r  c u l a r i  zat, ion  burn i n i  t i. at i o n  

T i m e ,  h r  :min : sec , g . e .  t . . . . . . . . . . . .  8 C  : 32 : 12.0 
A l t i t u d e ,  D. m i .  . . . . . . . . . . . . . . .  58.9 
Selenographic l a . t i t ude ,  deg . . . . . . . . . .  2.8 
Selenographic l cng i tude  . deg . . . . . . . . .  167.1 

Burn du ra t ion ,  sec  . . . . . . . . . . . . . . .  1 4 . 5  

I n e r t i a l  burn a r c ,  deg . . . . . . . . . . . . .  0.7 

~ v ,  fps  . . . . . . . . . . . . . . . . . . . . .  137.5 

SPS p rope l l an t  used, lb . . . . . . . . . . . . .  946.2 

5 .9  CSM/LrYI Coast From T,01-2 t o  Undock 

h m  A t  a g . e . t .  of 81 45 or at sbout 1 ri1inGte 13  seconds a f t e r  L C I - 2 ,  
t h c  ere:: beg ics  n r o n n r n t i o n  r- -r-- - for 17T t o  t h e  LI4. ?n t h e  LM, gene ra l  
hcusekeeplng and equipment s torage i s  performed. Also,  s h o r t  chcckout 
w i l l  be performed on t h e  LM VHF and !IPS s:rst,errs. 
2 hours 43 minutes i n  t h e  LM, the CDR and LMP perform IVT t o  t h e  CSM 

and c lose  t h e  ha tch .  A t  a g .  e .t . of  approrimately 84h40m, lendmark 
t r a c k i n g  i s  pertormed on 3 pseiidosite v i t h  a sun eYevat,im sns l e  0' 

zpproxim&tely 3 O .  
f o r  an &hour crew rest  pe r iod .  

Af te r  about 

h m  An i n e r t i a l  hold i s  i n j t i a t e d  a t  a g . e . t .  of 86 GO 
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h m  The r e s t  pe r iod  i s  endec: a t  a g .e . t .  of 94  00 . After a 1-hour 
eat p e r i o d ,  t h e  CDR and TIME' perform I W  t o  e n t e r  t h e  LM acd begin LI4 

checkout. 
performed 

occurs  a t  

4t a g . e . t .  of 9Gh50" ( r evo lu t ion  Jl), ] .anbark t r a c k i n g  j S  

on t h e  t a r g e t  s i t e .  

98 30 

The LM checkout i s  completed, ana undockicg 
h m  dur ing  r evo lu t ion  1 2  o r  approximately 4 hours 30 minutes 

a f te l -  wakeup. 
: s  shown i n  f i g u r e  5.9-1. The CSM t r a c k i n g ,  l i z h t i n g ,  and events  s m e r y  
f o r  t h e  t o t d  l u n a r  o r b i t a l  phase i s  shown i n  f i g u r e  5.9-2. 

The l l insr  ground t r a c k s  Tor tlie +,otal  l cnx r  o r b i t a l  phase 

5.10 LM Undock ane CSM Separa t ion  

TJnd.ocking w i l l  occur 30 minutes p r i o r  t o  .the RCS sepa ra t ion  burn. 
Af te r  t h e  CSM undocks from t h e  TAM, t h e  CSFI w l l l  perform s ta t ionkeeping  
et a dj-stance of 30 f e e t  from t h e  T,M -for LIC in spec t ion .  After. complstl.on 
of t h e  in spec t ion ,  t h e  LM w i l l  perform s ta t ionkeeping  while t h e  CMP p r e p w e ~  
lor t h e  RCS separa t ion .  
D O 1  , t he  CSM p e r f o r m  a 2 . 5  Qps r a d i a l l y  downward s spe ra t ion  meneuver, 
which p laces  t h e  LM and CSM i n  equiper iod o r b i t s .  
accomplished from t h e  equiper iod o r b i t s  i f  t h e  D O 1  maneuver i s  not 
performed. 

A t  approximately a 180" c s n t , r a l  angle  p r i o r  to 

Rendezvous w i l l  be  

5 .11  Rendezvous Sequence 

5 .11 .1  Sequence smma.ry. - The b a s i c  ob3 e c t i v e  of t h e  rendezvous 
sequecce on the  Apollo Mission F i s  t o  s imula te  as nea r ly  as possib1.e 
t h e  LLM rendezvous p r o f i l e  a f te r  LM i n s e r t i o n  fol lowing a scen t  from 
t h e  l u n a r  surface.  The rend.ezvous requ.ence i s  shown i n  t a b l e  5.11-1. 
After  s epa r s t ion  of t he  LM and CSM, t h e  rendezvous a c t i v i t i e s  a r c  
i n i t i a t e d  by t h e  CSM sepa ra t ion  maneuver ( m i n i f o o t b a l l ,  s e c t i o n  5 . l C )  a t  

98 55 40 g . e . t .  Then t h e  LM must perform a D O 1  maneuver 2nd a phasing 
maneuver t o  e s t a b l i s h  t h e  proper relatS.ve cond i t ions  (L.M 119.4 n. m i .  
belcw and 270.0 n. n i .  behind. t h e  CSK) a t  t h e  simiila.ted i n s e r t i o n  pni1.t 
cver t>he target .  s i t e  (34' E ) .  After t h e  j n s e r t i o n  maneuver has  been 
completed, the LM w i l l  compute and execute  t h e  c o e l l i p t i c  sequerxe 
that, i s  pl.anned f o r  t h e  LLM rendezvous.  T h e  sequence of CSI, CHD, and 
TPI will result i n  LM approach, b rak ing ,  end dccking P.t approximately 

106 33 00 
j r i th  s epa ra t ion .  
i s  given i n  sec t ions  5.11.2 through 5.11.9.  

h m s  

h m s  
g . e . t . ,  vhich com@etes th? 7.5-hcur exercTse that  began 

A d e t a i l e d  d i scuss ion  of -the rendezvous activities 

The o r b i t a l  schemabic f o r  t h e  nomi-nal F mission rendezvous i s  
Fresented i n  f i g u r e  5.11-1. The r e l a t i v e  motion of  t h e  descFnr starTe 
with r e spec t  t o  t h e  ascent  s t a g e  a f t e r  t h e  s t a g i n g  sequpnce i s  prQsen%ed 
i n  f i g u r e  5.11-4. ,2 t r ack ing ,  l i g h t i n g ,  and mission events  slJmmary for 
t h e  rendezvous sequence i s  presentell  i n  f i g u r e  5.11-5.  
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h m  5.11.2 E.- After t h e  CSM sepa ra t ion  maneuver at 98 55 40'jg.e.t., 
t h e  JSVI w i l l  f i n e  a l i n e  t h e  platform and w i l l  a l i n e  t h e  AGS t o  t h e  PGNCS 
i n  p repa ra t ion  f o r  t h e  D O 1  maneuver. The D O 1  maneuver i s  ground computed 
t o  be execnted 195' p r i o r  t o  t h e  t a r g e t  s i t e ,  which d u p l i c a t e s  t h e  sme 
maneuver r equ i r ed  i n  t h e  LLM. The D O 1  maneuver i s  e x t e r n a l  AV maneuver 
performed wi th  t h e  DPS i n  a ho?-izontal  r e t rog rade  d i r e c t i o i l  so  t h a t  t h e  
r e s u l t a n t  LM per icynth ion  i s  50 000 f e e t  ( re ferenced  t o  t h e  landing  s i t e  
r a d i u s )  and i s  15' u? range f r o m t h e  landing s i t e .  

i s  performed a t  99 54 12 
40-percent t h r u s t  f o r  12.7 seconds. 
are shown i n  t a b l e  5.11-11. 

The 72.8 fps  maneuver 
h m s  g . e . t .  wi th  10-percent thrust ,  f o r  15  secor,ds aRd 

The t a r g e t  loads f o r  t h e  D O 1  maneuver 

5.11.3 Phasing.-  Af te r  t h e  DOT maneuver, t h e  LM w i l l  p repare  f o r  
a landing  r a d a r  t es t  t o  be conducted as t h e  v e h i c l e  passes  over  t h e  
t a r g e t  s i t e  a t  34' E longi tude  and a t  an a l t i t u d e  of approximately 
50 000 f e e t .  Because t h e  LM w i l l  l e a d  t h e  CSM ( f i g .  5.11-4) dur ing  
t h i s  f irst  pass  over t h e  s i t e ,  a phasing maneuver i s  performed approxi- 
mately 1 0  minutes a f te r  t h e  s i t e  i s  passed t o  p l ace  t h e  LM i n  a dwel l  
o r b i t  so  t h a t  eventua l ly  t h e  LM will f a l l  behind t h e  CSM and w i l l  t r a i l  
t h e  C S M  by approximately 270 n.  m i .  a t  t h e  t i m e  of t h e  secocd p a s s ,  
at which t ime t h e  luna r  landing mission r e l a t i v e  p r o f i l e  can be simu- 
l a t e d .  

r i a l  AV of  193.5 f p s  i n i t i a t e d  with t h e  DPS at 1 0 1  06 35 By use  
of' t h e  two-impulse processor ,  the maneuver i s  t ,argeted t o  e s t a b l i s h  t h e  
nominal L5M phase and height  o f f s e t  r e l a t i v e  t o  t h e  CSM at  t h e  t ime of 
i n s e r t i o n .  The t a r g e t  loads for  t h e  phasing maceuver are shown i n  
t a b l e  5.11-11. 
h o r i z o n t a l  w i l l  p l ace  t h e  L,M i n  a 194.4- by 9.8-n. m i .  o r b i t .  The 
DPS burn w i l l  be  s t a r t e d  a t  lG-percent, thrus- t  f o r  26 seconds and w i l l  
h e  increased  t o  f u l l  t h r o t t l e  (92.5 pe rcen t )  f o r  16 s e c m d s .  

The phasing maneuver i s  a ground-computed maneuver with an e x t e r  
h m s  g . e . t .  

Tke posigrade burn a t  a 26.1O p i t c h  zbovc-? t h e  l o c a l  

5.11.4 Inse r t ion . -  During t h e  Lbl p5asing o r b i t ,  t h e  LM and CSDl 
w i l l  conduct onboard t r ack ing  t o  determine t h e  o r b i t s .  The onboard 
t r s c k i n g  d a t a  may be used by the  ground t o  up6ate the r equ i r ed  i n s e r t i o n  
maneaver. The i n s e r t i o n  maneuve? w i l l  i n i t i a t e  t h e  sequence t h a t  Fs 
4esigned t o  s imula te  t h e  in-orbi t  ascent  rendezvous of t h e  LM zf$er  t h e  
luna r  l i f t o f f  on t h e  LLM. Pr ior  t o  I ;nser t ion ,  t h e  LM w i l l  s t a g e  t h e  DPS 
Y O  t h a t  thc. b lxn  may be exzcGted wi th  t h e  APS. 

 or t h e  s t a g i n g  t n  occiir a t  102 53 26 g . e . t . ,  approxirlately 10 minutes 
p r i p r  t o  inser-cioii.  h7ii.le I:: a retrng-rade a t . t i t ude :  t h e  LM w i l l  thl-ust 
gosigrad:: 2 fps  with t h e  -X RCS j e t s ,  w i l l  s t a g e ,  and immediately w i l l  
null t h i s  AV wi th  2 fps  re t rograde  wi-ih t h e  +X j e t s .  The r e s u l t  of  t h e  
s e p a r a t i o n  maneuver is t o  send t h e  descent  s t age  ahea l  of and abovp tPe  
Pscent s t a g e  si3 t h a t  no recontact  can occur a f t e r  t h e  a scen t  s t age  
performs i n s e r t i o n .  The r e l a t i v e  motion of t h e  desren t  s t age  wi th  

Current plane c a l l  
h m s 

h m s  
r e s p e c t  to t h e  LM can be  seen i n  f i g u r e  5.11-2. A t  103 03 29 g . e . t . ,  
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t h e  APS t h r u s t s  a t  a 152.6O p i t c h  f o r  15 seconds t o  impart a r e t rog rade  
AV of 213 fps and t o  p l ace  t h e  LM i n t o  a 43.6- by 9.8-n. m i .  o r b i t .  
Apocynthion occurs  5 1  minutes l a te r .  The 43.6- by 9.8-n. m i .  o r b i t  i s  
i d e n t i c a l  t o  t h e  o r b i t  planned a f t e r  LM i n s e r t i o n  i n  t h e  LLM, and t h e  
i n s e r t i o n  maneuver i s  scheduled 5 minutes p r i o r  t o  e n t r y  i n t o  darkness  
t o  dup l i ca t e  t h e  LLM l i g h t i n g  cond i t ions ,  The i n s e r t i o n  maneuver i s  
a l s o  t a rge ted  by t h e  ground two-impulse processor  which e s t a b l i s h e s  t h e  
nominal CSI o f f s e t  (LM 14.7 n. m i .  below and 148 n .  m i .  behind t h e  CSM) 
a t  t h e  nominal t i m e .  Target  loads  f o r  t h e  i n s e r t i o n  maneuver a r e  shown 
i n  t a b l e  5 . l l - I V .  

5 .11 .5  - CS1.- Af te r  i n s e r t i o n ,  t h e  LM w i l l  r e a l i n e  i t s  platform 
and w i l l  begin radar  t r a c k i n g  of t h e  CSM t o  determine t h e  o r b i t s  of t h e  
v e h i c l e s  f o r  onboard computation of t h e  c o e l l i p t i c  sequence. The CSI 

maneuver w i l l  be  scheduled f o r  t h e  apocynthion at 103 54 40 g . e . t .  and 
w i l l  be ca l cu la t ed  t o  cause TPI t o  occur a t  t h e  midpoint of darkness  
approximately 94 minutes l a t e r .  The nominal r e l a t i v e  condi t ion  w i l l  be  
such t h a t  t he  CSI w i l l  p l ace  t h e  LM i n  a 46.2- by 42.9-n. m i .  o r b i t ,  
15.0 n.  m i .  below t h e  CSM o r b i t  a t  t h e  t ime of CDH, one-half an o r b i t a l  
per iod  a f t e r  t h e  CSI. The CSI w i l l  be performed with t h e  fou r  +X RCS 
j e t s  so  t h a t  t h e  in te rconnec t  can be opened and APS p rope l l an t  can IP 
used. The 32.1-second burn i s  h o r i z o n t a l  and adds a posigrade AV of 
50.5 f p s .  The t a r g e t  loads are shown i n  t a b l e  5.11-V. 

h m s  

5.11.6 Plane change technique .- An out-of-plane component, which 
nominally i s  not  r equ i r ed ,  w i l l  be appl ied  i n  conjunct ion wi th  t h e  CSI 
i f  an out-of-plane v e l o c i t y  i s  de t ec t ed  p r i o r  t o  t h e  CSI. The out-of- 
plane component w i l l  be t a r g e t e d  t o  n u l l  t o  zero t h e  out-of-plane 
v e l o c i t y ,  which w i l l  f o rce  t h e  ex i s t ence  of a common node approximately 
90' l a t e r  where t h e  sepa ra t e  PC maneuver i s  scheduled. A t  PC, t h e  out- 
of-plane ve loc i ty  i s  aga in  nul led  t o  zero and a coplanar  s i t u a t i o n  i s  
e s t a b l i s h e d .  I f  t h e  out-of-plane s i t u a t i o n  i s  not determined soon enough 
t o  begin t h e  PC a t  t h e  CSI, t h e  nodal s h i f t  would be i n i t i a t e d  at  t h e  
t ime of PC and completed i n  conjunct ion w i t h  t h e  CDH.  However, t h e  
CSI-PC sequence i s  more economical t han  t h e  PC-CDH sequence because t h e  
in-plane component at  t h e  CSI i s  cons iderably  l a r g e r  t han  t h e  in-plane 
component at CDH. 

5 .11.7 %.- After  t h e  CSI, t h e  LM w i l l  cont inue t o  t r a c k  t h e  CSM 

and w i l l  compute t h e  requi red  CDH maneuver t o  be done a t  104 52 4 1  
Normally, the CDH w i l l  be a small r a d i a l  burn designed t o  c o e l l i p t i c i z e  
t h e  LM o r b i t  with t h e  o r b i t  of t h e  CSM. If t h e  CSM o r b i t  were p e r f e c t l y  
c i r c u l a r ,  the  CDH would be zero ;  however, because of t h e  s imula ted  
61- by 58-11. m i .  CSM o r b i t ,  a downward AV of 5.8 f p s  i s  r e q u i r e d .  The 
two-jet  +Z4 t h r u s t e r s  were used i n  t h i s  s imula t ion ;  however, t h e  -X j e t s  
could be used so  t h a t  radar  lock-on a t  an e l e v a t i o n  angle  of approxi- 
mately 9.5' above t h e  l o c a l  h o r i z o n t a l  would not  be d i s t u r b e d .  

h m s  g . e . t .  

The 
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7.3-second burn p l aces  t h e  LM i n  a 46.2- by 42.9-n. m i .  o r b i t ,  1 5  n .  m i .  
below t h e  CSM o r b i t  and c o e l l i p t i c  w i t h  it. The t a r g e t  loads  f o r  t h e  
CDH maneuver are presented  i n  t a b l e  5 . l l - V I .  

5.11.8 TP1.- Radar t r ack ing  cont inues  a f te r  CDH so thdc  t h e  LM may - 
compute t h e  r equ i r ed  burn ( T P I )  when t h e  e l e v a t i o n  angle  t o  t h e  CSM 
reaches 26.6O above t h e  LM l o c a l  h o r i z o n t a l .  
should occur approximately 36.5 minutes a f te r  CDH,  when t h e  LM i s  
23 minutes i n t o  darkness .  T P I  w i l l  be  c a l c u l a t e d  t o  s t a r t  t h e  LM on an 
i n t e r c e p t i n g  o r b i t ;  t h e o r e t i c a l l y ,  rendezvous would occur a f t e r  130° 
of CSM c e n t r a l  angle  t r a v e l .  The 25.3-fps burn i s  planned t o  be executed 
wi th  t h e  fou r  +X j e t s  t o  use  t h e  APS prope l l an t  through t h e  in t e rconnec t .  
However, t h i s  arrangement may cause a temporary loss  of r a d a r  l ock ,  which 
i s  not considered t o  be  a problem. The TPI i g n i t i o n  i s  a t  

l o 5  28 59 
The t a r g e t  loads f o r  t h e  TPI maneuver are presented  i n  t a b l e  5 . 1 1 - V I I .  

Nominally, t h e  maneuver 

h m s  g . e . t . ,  and t h e  burn dura t ion  i s  approximately 16 seconds.  

5.11.9 Rendezvous midcourse c o r r e c t i o n s  and braking.-  The LM w i l l  
t r a c k  t h e  CSM a f t e r  TPI and w i l l  perform nominally zero midcourse cor- 
r e c t i o n  maneuvers 1 5  minutes l a t e r  and 30 minutes l a t e r .  The braking 
schedule  assumed f o r  t h i s  t r a j e c t o r y  s imula t ion  c a l l s  f o r  a r educ t ion  
i n  range r a t e  t o  1 5  f p s  a t  t h e  1-n. m i .  g a t e ,  t o  5 f p s  a t  1000 f e e t ,  
and t o  0.25 f p s  a t  300 f e e t .  The braking  schedule may be changed 
s l i g h t l y  a f t e r  f u r t h e r  s imulat ions;  l ine-of -s ight  co r rec t ions  w i l l  be 
made as r equ i r ed .  F i n a l  approach and s ta t ionkeeping  should occur a t  

approximately 106 17 00 
v e h i c l e s  e n t e r  sun l igh t  on t h e  backside of t h e  moon. Docking should 

begin  at  approximately 106 32 00 
rendezvous a c t i v i t i e s .  

h m s  g . e . t . ,  approximately 25 minutes a f t e r  t h e  

h m s  g . e . t .  t o  complete 7 .5  hours of 

5.12 APS Burn t o  Deplet ion 

h m s  A t  approximately 107 15 00 g . e . t . ,  j u s t  p r i o r  t o  e a r t h  LOS, t h e  
CSM/LM e s t a b l i s h e s  an i n e r t i a l  a t t i t u d e  which i s  s u i t a b l e  f o r  LM s t e e r -  
able antenna communications during and a f t e r  t h e  APS burn t o  d e p l e t i o n .  
The antenna i s  i n  a locked pos i t i on .  Near 90' E longi tude ,  t h e  unmanned 
LM i s  j e t t i s o n e d  i n  a t t i t u d e  hold, and t h e  CSM performs a r a d i a l l y  up- 
ward sepa ra t ion  maneuver of approximately 2 f p s ,  which w i l l  p l ace  t h e  
CSM above and behind t h e  LM a t  t h e  t ime of t h e  APS burn.  

The u l l a g e  maneuver and the APS burn a r e  i n i t i a t e d  under PGNCS con- 
t r o l ,  and a f t e r  confirmation of burn i n i t i a t i o n  a command i s  sen t  t o  
t r a n s f e r  c o n t r o l  t o  t h e  AGS. The ascent  s t a g e  w i l l  have been i n  a t t i t u d e  
hold s i n c e  j e t t i s o n .  Whether e i t h e r  or both of t h e  RCS in t e rconnec t s  
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w i l l  be  open w i l l  depend on t h e  RCS usage up t o  t h a t  t ime i n  t h e  mission 
,and w i l l  probably b e  a real- t ime dec i s ion .  
t o  be maintained during t h e  burn and as long t h e r e a f t e r  as p o s s i b l e  
could be s a t i s f i e d  e i t h e r  w i th  one in te rconnec t  open o r  wi th  both  c losed .  
However, i f  t he  RCS margin i s  l o w  enough a t  t h e  t ime of j e t t i s o n ,  both 
in te rconnec ts  would be open t o  a s su re  a t t i t u d e  c o n t r o l  dur ing  t h e  e n t i r e  
burn.  I n  t h i s  case ,  ascent  s t a g e  t r a c k i n g  a f t e r  t h e  burn would not  be 

The need f o r  a t t i t u d e  hold 

- 
assured .  The c h a r a c t e r i s t i c s  of t h e  burn a r e  as  

Burn i n i t i a t i o n  

T i m e ,  hr :min:sec,  g . e . t .  . . . . .  
A t  from LM j e t t i s o n ,  min . . . . .  
Selenographic l a t i t u d e ,  deg . . . .  
Selenographic long i tude ,  deg . . .  
Estimated p rope l l an t  

Vehicle a t t i t u d e ,  l o c a l  h o r i z o n t a l  
a v a i l a b l e ,  l b  . . . . . . . . . .  
P i t c h ,  deg . . . . . . . . . . .  
Y a w ,  deg . . . . . . . . . . . .  
Roll, deg . . . . . . . . . . . .  

Burn t ermi nat  ion  

Burn du ra t ion ,  min:sec . . . . . .  
AV a t t a i n e d ,  fp s  . . . . . . . . .  
Selenographic long i tude ,  deg . . .  
Selenographic longi tude  of t h e  

Burnout v e l o c i t y ,  f p s  . . . . . . .  
Selenographic l a t i t u d e ,  deg . . . .  
Burn a r c ,  deg . . . . . . . . . . .  

lunar  sphere e x i t ,  deg W . . . .  

fol lows . 

109: 03: 4 1 . 4  
30 

-.22 
0 .0  

2373 

0 
0 
0 

3:2 .5  
8960 
3616 
-1.6 

-13.8 
13 .a 
=134 

The r e s u l t a n t  ascent  s t a g e  t r a j e c t o r y  i s  hyperbol ic  w i t h  r e spec t  
t o  t h e  earth-moon system, which a s su res  a h e l i o c e n t r i c  o r b i t .  

5.13 CSM Coast from APS Burn t o  Deplet ion t o  T E I  

h m s  

an i n e r t i a l  a t t i t u d e  hold i s  i n i t i a t e d  f o r  an 8-hour crew r e s t  pe r iod .  
Af te r  t h e  rest pe r iod ,  four  consecut ive r evo lu t ions  of landmark t r a c k i n g  
w i l l  be performed, which w i l l  involve t r a c k i n g  e i t h e r  t h r e e  o r  four  
landmarks p e r  sun l igh t  pass .  After t h e s e  fou r  r evo lu t ions  of t r a c k i n g  
have been performed, one r evo lu t ion  of terminator- to- terminator  s t e r e o  

s t r i p  photography w i l l  be performed. 

S h o r t l y  a f t e r  t h e  A P S  burn t o  dep le t ion  a t  a g . e . t .  of 110 00 00 , 

a 

a The terminator-to-terminator s t e r e o  photography w i l l  r e q u i r e  adding 
one r evo lu t ion  t o  t h e  lunar  o r b i t  t i m e l i n e  which i s  not  included i n  t h i s  
document. 
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5.14 Transear th  I n j e c t i o n  

h m  s 

s i g n i f i c a n t  parameters during the  burn i s  provided i n  f i g u r e  5.14-1. 
The burn w a s  t a r g e t e d  for a 63-hour t r a n s e a r t h  f l i g h t  t ime.  
l oads  and REFSMMAT f o r  t h e  burn are presented  i n  ta,ble 5.14-1. 
c h a r a c t e r i s t i c s  of' t h e  burn e r e  presented below. 

The T E I  maneuver occurs  51 37 00 a f t e r  LOI-1. A time h i s t o r y  of 

The t a r g e t  
The 

I n i t i a t i o n  t ime,  hr:min:sec,  g . e . t  . . . .  127:51:34.8 
Selenographic l a t i t u d e ,  deg . . . . . . . .  0.5 

168.0 Selenographic longi tude ,  deg . . . . . . .  
Burn d u r a t i o n ,  sec  . . . . . . . . . . . .  159.6 
nv, f p s  . . . . . . . . . . . . . . . . . .  3250.9 
SPS p r o p e l l a n t  used,  lb . . . . . . . . . .  10 400 
Plane  change . . . . . . . . . . . . . . .  1.75  

F l ight -pa th  ang le ,  deg . . . . . . . . .  3.0 
A l t i t u d e ,  n .  m i .  . . . . . . . . . . . .  60.4 
Selenographic l a t i t u d e  . deg . . . . . . .  1.3 
Selenographic longi tude,  deg . . . . . .  157.6 
Entry v e l o c i t y  ( i n e r t i a l ) ,  f p s  . . . . .  36 210.5 

Burnout 

5.15 Transear th  Coast 

A groundtrack of t h e  t r a n s e a r t h  coas t  phase i s  provided i n  
f i g u r e  5.15-1. A l t i t u d e  above the  moon i s  shown f o r  t h e  f i r s t  10 hours 
of coas t  i n  f i g u r e  5.15-2. Three midcourse dec i s ion  p o i n t s  have been 
def ined  f o r  t h e  t r a n s e a r t h  phase. 

1. MCC-5,  T E I  p lus  1 5  hours 

2 .  MCC-6,  E 1  minus 1 5  hours 

3. MCC-7, E1 minus 3 hours 

The maneuvers w i l l  be  t a rge ted  f o r  c o r r i d o r  c o n t r o l  only.  The mid- 
course  s t r a t e g y ,  which inc ludes  t h e  th re sho ld  va lues  f o r  each maneuver, 
i s  contained i n  r e fe rence  5 .  A l t i t ude  i s  p l o t t e d  aga ins t  t ime f o r  t h e  
last  10 hours of t r a n s e a r t h  coast i n  f i g u r e  5.15-3. The CSM remains i n  
s u n l i g h t  from TEI  u n t i l  darkness,  which occurs approximately 21 minutes 

[ t a b l e  2-VIII( c )  3 ,  which terminates  a t  0' e leva t ion  approximately 
3 minutes p r i o r  to EI. 

prior to E;I .  -7 l - - . L  ----1.- + +:m.- n m . I r b s * o n . p  Illt: l a b  L 61 " U l i d  QIr8"L"II C " "  L A  -6- is hy Hcneysuckle 
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5.16 Entry 

The entry phase of t h e  ope ra t iona l  t r a j e c t o r y  w a s  s imulated wi th  
t h e  Apollo Reentry Simulat ion program wi th  six-degrees-of-freedom. 
Three-degree-of-freedom t r a j e c t o r i e s  were used t o  determine t h e  CM 
maneuver f o o t p r i n t .  The e n t r y  c o r r i d o r  i s  presented  i n  f i g u r e  5.16-1. 

h m s 
A t  t h e  nomina.1 E I ,  191  16 16  a f te r  l i f t - o f f ,  t h e  CM i s  at an a l t i -  

tude  of 399 720 f e e t ,  and t h e  coord ina tes  are 18.315O S geodet ic  l a t i t u d e  
and 171.29' E longi tude .  I n e r t i a l  v e l o c i t y ,  f l i g h t - p a t h  angle ,  and a z i -  
muth a t  t h i s  po in t  are 36 210 f p s ,  6.49' below t h e  l o c d  h o r i z o c t a l ,  and 
98.56' , r e spec t ive ly .  

A p l o t  of t h e  CM maneuver f o o t p r i n t  and t h e  nominal ground t r a c e  on 
a map of t h e  en t ry  area are presented  i n  f i g u r e  5.16-2. 
i s  extended t o  a 3500-n. m i .  e n t r y  range.  The nominal touchdown t a r g e t  
l o c a t i o n  i s  1350 n.  m i .  down range from t h e  e n t r y  i n t e r f a c e  p o s i t i o n ,  
and t h e  coordinates  of t h e  t a r g e t  are 1 6 5 O  W longi tude  and 20.25' S 
geodet ic  l a t i t u d e .  A sequence of p e r t i n e n t  events  is  given i n  
t a b l e  5.16-1 and inc ludes  t h e  per iods  of communication blackout  which 
occur a long the  t r a j e c t o r y .  The guidance phases a r e  shown i n  
f i g u r e  5.16-3, which shows a l t i t u d e  as a func t ion  of range t o  t h e  t a r g e t .  
T i m e  h i s t o r i e s  of t h e  bank angle  commanded by t h e  guidance system, by 
t h e  load f a c t o r ,  and by a l t i t u d e  a r e  presented  i n  f i g u r e  5.16-4. The 
load  f a c t o r  a t  t h e  c .g .  reaches a f i r s t  maximum of 6.35g and a second 
maximum of 5.99g. Time h i s t o r i e s  of t h e  t o t a l  hea t ing  r a t e  and t h e  
t o t a l  hea t  load a r e  presented  i n  f i g u r e  5.16-5. The maximum t o t a l  heat-  
ing  r a t e  i s  277.8 B t u / f t 2 / s e c ,  and t h e  t o t a l  hea t  load i s  24 355 B t u / f t 2 .  
Time h i s t o r i e s  f o r  i n e r t i a l  and r e l a t i v e  v e l o c i t y  and f l i g h t - p a t h  angles  
are presented i n  f i g u r e  5.16-6. 

The f o o t p r i n t  

The CM RCS uses  11 .55  pounds of p rope l l an t  f o r  t h e  s e p a r a t i o n  and 
a t t i t u d e  hold maneuvers before  t h e  spacec ra f t  reaches  400 000 f e e t .  
RCS uses  1 9 . 2 4  pounds of p rope l l an t  t o  perform t h e  guidance commands 
during t h e  remainder of t h e  e n t r y .  A t ime h i s t o r y  of t h e  t o t a l  RCS 
p rope l l an t  consumed from sepa ra t ion  i s  presented  i n  f i g u r e  5.16-7. 
f i g u r e  5.16-8, t h e  a l t i t u d e  i s  p l o t t e d  i n  r e l a t i o n  t o  r e l a t i v e  v e l o c i t y ,  
and t h e  boundaries f o r  S-band and C-band communication blackout  a r e  
shown ( r e f .  6 ) .  T i m e  h i s t o r i e s  f o r  t h e  primary DSKY d i s p l a y s ,  commanded 
bank angle ,  i n e r t i a l  v e l o c i t y ,  and a l t i t u d e  ra te  a r e  shown i n  
f i g u r e  5.16-9. 
manded bank angle,  cross-range e r r o r ,  and down-range e r r o r  a r e  shown i n  
f i g u r e  5.16-10. 

The 

In 

Time h i s t o r i e s  f o r  t h e  f i n a l  phase DSKY d i s p l a y s ,  com- 

The drogue parachute  deployment sequence begins  a t  an a l t i t u d e  of 
23 300 f e e t ,  8 minutes 32 seconds a f t e r  E I .  The two drogue parachutes  
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are deployed 2 seconds l a t e r ,  
a l t i t u d e  baroswitch c l o s e s ,  and t h e  drogue parachutes  a r e  disconnected.  
The t h r e e  main parachutes  a r e  deployed 1 second a f te r  t h e  baroswitch 
c l o s e s .  The CM, suspended on t h e  main parachutes ,  reaches splashdown 
1 4  minutes 20 seconds a f t e r  E I .  
f l i g h t - p a t h  angle  a r e  p l o t t e d  aga ins t  t i m e  from drogue chute  deployment 
i n  f i g u r e  5.16-11. 
from drogue chute  deployment i n  f igu re  5.16-12. 

A t  an a l t i t u d e  of 10  500 f e e t ,  t h e  low 

The r e l a t i v e  v e l o c i t y  and r e l a t i v e  

Load f a c t o r  and a l t i t u d e  a r e  p l o t t e d  aga ins t  t i m e  

An EMS s c r o l l  (NON-EXIT p a t t e r n )  i s  presented  i n  f i g u r e  5.16-13(a) 
wi th  t h e  r e fe rence  t r a j e c t o r y  f rom O.O5g superimposed upon it. 
p a t t e r n  has l i m i t  l i n e s  which allow t h e  crew t o  monitor t h e  e n t r y  tra- 
j e c t o r y  t o . p r e v e n t  an e x i t  by the  spacec ra f t  from t h e  atmosphere 
( g  < 0 . 2 ) .  
aga ins t  t h e  i n e r t i a l  v e l o c i t y  i n  f i g u r e  5.16-13(b). 

This  

The commanded bank angle and EMS range-to-go are p l o t t e d  

The fol lowing input  w a s  used i n  t h e  genera t ion  of t h e  ope ra t iona l  
e n t r y  t r a j e c t o r y .  

CM R C S  engine performance da ta  . . .  r e fe rence  7 
CM mass p r o p e r t i e s  f o r  e n t r y  . table 5.16-11, r e fe rence  13  
Conditions a t  e n t r y  i n t e r f a c e  

and t a r g e t  po in t  . . . . . . . . .  t a b l e  5.16-111 
Aerodynamic c o e f f i c i e n t s  t a b l e  5. 16-IV . . . . . .  
Parachute  aerodynamics . . . . . . .  r e fe rence  7 
Aerodynamic hea t ing  data  . . . . . .  r e fe rences  8 and 9 
Entry guidance . . . . . . . . . . .  r e fe rences  1 0  and 11 
Atmospheric model r e fe rence  1 2  
Entry REFSM?vTAT' and gimbal angles  

. . . . . . . . .  
a t E I  . . . . . . . . . . . . . .  t a b l e  5.16-v 
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TABLE 2.0-1.- SEQUENCE OF MAJOR EVENTS 

[Launch occurs  a t  11:33:49 e.s. t .  with a 72' launch azimuth] 

Data Smxary  Time ,a 
hr:min:sec g . e . t .  Event 

Ea r th  o r b i t  i n s e r t i o n  00 :11: 21.6 L a t i t u d e ,  deg N 32.7 
Longitude, deg W -54.3 
I n c l i n a t i o n ,  deg 32.6 

Trans luna r  i n J  ec t i o n  02:31: 36.4 Burn t i m e ,  s e c  307.0 
Plane change, deg -1.03 

Free r e t u r n ,  circumlunar 76 :12 : 46.6 A l t i t u d e ,  n.  m i .  61.0 
pe r i cyn th ion  Selenographic 

l a t i t u d e  , deg 2 . 3  
Longitude, deg 174.1 

Free-return entry 150:15:48.2 A l t i t u d e ,  n.  m i .  65.8 

L a t i t u d e ,  deg -18. o 
Longitude, deg 45 .1  

F l igh t -pa th  a n g l e ,  deg -6.8 
Ve loc i ty ,  fps 36 1 4 1 . 5  
Equa to r i a l  i n c l i n a t i o n ,  

de62 33.5 
Vacuum pe r igee  a l t i t u i i e ,  

n .  m i .  26.9 

Lunar o r b i t  i n s e r t i o n  76 : 08 :17.6 Mass at  i g n i t i o n ,  lb 93  132.9 
Burn t ime ,  sec 352.5 
P r o p e l l a n t  u sed ,  lb 22 971.1 
I n c l i n a t i o n  of LPO, deg 5.6 

LOI-2 80 : 32 :12 Mass a t  i g n i t i o n ,  lb 70 115.9 
Burn d u r a t i o n ,  sec 1 4 . 5  
P r o p e l l a n t  u sed ,  lb 946.2 

Undocking 99:25:44 
- 

LM s e p a r a t i o n  98 : 55 : 43.9 Mass a t  i g n i t i o n ,  l b  37 768.2 
Burn t i n e ,  s ec  -7.1 
P r o p e l l a n t  used,  lb -10.8 

1 99 : 54 : 1 2  I g n i t i o n  l o n g i t u d e ,  deg -128.5 

Burn d u r a t i o n ,  s ec  27.7 
A V ,  fps  72.8 

CSM pass  over t a r g e t  100: 59 :lo. 0 Sun e l e v a t i o n  a t  s i t e ,  
s i t e  (REV 13) d ep: 8.7 

Phasing 101 :06: 35 I g n i t i o n  l o n g i t u d e ,  deg 0.3 
A V ,  fps 193.5 
Burn d u r a t i o n ,  s e c  42.0 

I n s e r t i o n  103 : 03 :29 I g n i t i o n  l o n g i t u d e ,  deg 31.3 
ov ,  f p s  213.3 
Burn d u r a t i o n ,  s e c  1 5 . 5  

virne r e f e r s  t o  g . e . t .  of i g n i t i o n  f o r  burns.  



TABLE 2.0-1.- SEQUENCE OF MAJOR EVENTS - Concluded 

[Launch occurs  at 11:33:49 e . s . t .  w i th  a 72O launch azimuth] 

Time ,a 
hr:min:sec g . e . t .  Event Data summary 

1 csl 

103 :54:40 I g n i t i o n  l o n g i t u d e ,  deg -131.8 
AV, f p s  50.5 
Burn d u r a t i o n ,  s ec  32.1 

I CDH 

104 : 52 : 41 
~~~ ~~~ 

I g n i t i o n  long i tude ,  deg 47.6 

Burn d u r a t i o n ,  sec 7.3 
AV, f p s  5.8 

105:28 : 59 I g n i t i o n  long i tude ,  deg -65.1 

Burn d u r a t i o n ,  sec 16.0 
AV, fps  25.3 

TPF ( impu l s ive )  106 :11: 41 I g n i t i o n  long i tude ,  deg 163.0 

Burn d u r a t i o n ,  sec 39.8 
AV, fps  31.5 

LM j e t t i s o n  108 :34 z01.9 Mass a t  i g n i t i o n ,  l b  37 957.5 
Burn t i m e ,  s e c  5.7 
Prope l l an t  u sed ,  lb 8.5 

APS burn t o  d e p l e t i o n  109 :03 : 41 I g n i t i o n  long i tude ,  deg 0.0 
Burn d u r a t i o n ,  s ec  207.7 

P r o p e l l a n t  used,  lb 2 372.9 
Mass a t  i g n i t i o n ,  lb 7 725.5 

av,  f p s  3 616.2 

Transea r th  i n j e c t i o n  127 : 51 : 34.8 Mass a t  i g n i t i o n  37 858.0 
Burn t ime ,  s ec  159.6 

Prope l l an t  used,  lb 10 399.7 
Plane change, sec -1.8 

Ent ry  i n t e r f a c e  191:18:15.9 Veloc i ty ,  fps  36 210.6 
Fl ight-path angle  , de3 -6.49 

Longitude, deg 171.3 
Time  from TEI, h r  :min 63: 24 

L a t i t u d e ,  deg -183.2 

Splashdown 191 : 32 : 35 L a t i t u d e ,  8eg -20.25 
Longitude, deg -165.0 
Local t i m e ,  a .m .  5:06 
Time of s u n r i s e ,  a . m .  6:25 

L 

%me refers t o  g . e . t .  of  i g n i t i o n  f o r  burns.  
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TABLE 2.0-1V.- LUNAR TARGET SITE POSITIONS 

Lunar 
t a r g e t  s it e 

1 

2 

3 

I 4 

I 5  

Lat i tude  , 
deg 

2.632 

0.732 

0.374 

-3.643 

1 772 

- 
Longitude, 

deg 

34.025 

23.647 

-1.345 

-36.698 

-41.939 

Al t i t ude  , 
n.  m i .  

-0.818 I 

-1.66 I 
-0.502 

-1.323 I 
I 

-1.539 I 

a Assumed mean lunar  r a d i u s  of  938.5 n.  m i .  
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TABLE 2.0-V.- SPACECMFT WEIGHT SUMMARY 

T o t a l  CSM dry .  lb . . . . . . . . . . . . . . . .  
CSM i n e r t .  lb . . . . . . . . . . . . . . . . .  
SM i n e r t .  lb . . . . . . . . . . . . . . . . .  
SLAring .  lb . . . . . . . . . . . . . . . . .  

T o t a l  SPS p rope l l an t  tanked.  l b  . . . . . . . . .  
SPS p rope l l an t  usable .  lb . . . . . . . . . . .  
SPS p rope l l an t  unusable.  lb . . . . . . . . . .  

Tota l  LM loaded. lb . . . . . . . . . . . . . . .  
LM descent  s t age  i n e r t .  l b  . . . . . . . . . .  
LM DPS p rope l l an t  tanked.  lb . . . . . . . . . .  
LM ascent  s t age  i n e r t .  lb . . . . . . . . . . .  
LM APS prope l l an t  tanked.  lb . . . . . . . . .  

SLA. lb . . . . . . . . . . . . . . . . . . . . .  
T o t a l  i n j e c t e d  Saturn payload. lb . . . . . . . .  

23 098 

12 300 
io 700 

98 

40 634 

40 264 
3'70 

30 849 

4 703 
18 134 
5 333 
2 619 

4 000 
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Propulsion 
system 

TABLE 2.0-VI.- ENGINE PERFORMANCE SUMMARY 

Flow r a t e  I Thrust  per 

sec  lb / sec  
SP ' engine,  lb per engine,  

SPS 

SM RCS 

314.6 20 500 65.16 

277.3 102.8 0.371 

DPS 
(full t h r o t t l e )  

APS 

LM RCS 

( b )  Lunar module 

302.1 
( average ) 

306.3 

273.0 

9712.5 

3500.0 

100.0 

32.15 

11.43 

0.37 
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Other expendables 

Translunar coas t ,  l b  . . . . . . . . . . .  332 
Lunar o r b i t a l  c o a s t ,  lb . . . . . . . . . .  298 
Transearth coas t ,  l b  . . . . . . . . . . .  290 
Tota l  . . . . . . . . . . . . . . . . . . .  920 

TABLE 2. 0-VII . - ASSUMED MISSION-INDEPENDENT EXPENDABLES~ 

Mission-independent SPS budget 

120 
00 . . . . . . . . . . . . . . . . . . .  120 

Translunar MCC,  f p s  . . . . . . . . . . . .  
Transearth MCC,  fps  . . . . . . . . . . . .  
Tota l  

SPS propel lan t  allowances 

100 Unbalance meter,  l b  . . . . . . . . . . . .  
Mean outage,  l b  . . . . . . . . . . . . . .  52 
Dispersions,  l b  . . . . . . . . . . . . . .  548 
T o t a l . ,  . . . . . . . . . . . . . . . . .  700 

. a  These f igu res  were used only as est imates  t o  compute t h e  
end of mission propelh i i t  reserves. 
and consumables analysis  w i l l  be performed and w i l l  be pubiished 
l a t e r  . 

A de ta i l ed  d ispers ioa  
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TABLE 2.0-Vlll.- MISSION RADAR TIMELINE 

(a) Radar station characteristics 

Geodetic latitude, LATR, deg 
Longitude, LONR, deg 
Altitude, ALTR, f t  
Range capability, SRANGE, n. mi. 

Keyhole, FTINDC: 0 = none 
1 = north-south 
2 = east-west 

Q A D A P  = Y F P Q I T T  ISLANI CR. L A T R =  Z a . 4 2 4 U h 2 ,  LIINR = - 8 0 . 6 h 4 4 0 4  
A L T P  = 3 9 - 3 7 ? .  S R A h C E  = 2 1 4 3 3 . n .  F T I N O C  = 0.7 

R A n A P  P A T E I C K  AFB C @  * L A T R =  f 8 . 2 7 4 5 5 3 ,  L f l N Q  = - 8 0 . 5 9 9 2 9 2  
4 L T P  = 4 9 . 2 1 5 ,  S R A h G f  = 2 3 4 3 0 . 1 .  F T I N D C  = ' l . 8  

RAnlZR = C A P F  K F N N E U V  C H  , L A T R =  2iJ .CA1767r  L O N R  = - 8 0 . 5 7 6 5 1 4  
A L T R  = 4 5 . 9 3 4 .  SRANCE = 1?7n.CI C T I N D C  = 3.0 

RADAR = GRANQ RAHAMA C R  t L A T R =  2 6 , 6 3 4 3 5 1 1  L I l N R  = - 7 8 . 2 6 7 7 0 8  

RAQAR = G P A N D  T ' J R K  C R  * L A T O =  ' ?1 .4h? f lR9 .  L O N R  = - 7 1 . 1 3 2 1 1 4  
A L T R  = Q1.Hh9 ,  S9ANr.T = ) 3 4 1 1 . 7 ,  F T I h D C  = 0.Q 

RADAP = REPHl lOA CB 1 L A T Q .  1 ? . 3 4 9 1 0 3 r  L'INR = - 6 4 . h 5 3 0 3 3  
4 L T Q  = 5 9 . f 5 r ) .  SRANCF = 2 3 4 0 7 . 0 ,  F T I N D C  = '3.0 

R A D A R  = A N T I C U A  I S L A N D  C R I  LATR.  1 7 . 1 4 4 Q 3 1 r  L'INP - 6 1 . 7 9 2 3 5 8  
A L T R  = 1 9 Q . 2 9 H l  SRANGC = 2 3 4 0 9 . n .  F T I h D C  = a.q 

RADAR = G Q A N n  C A N A R Y  C 9  v L A T Q =  2 7 . 7 h 3 ? 0 b 1  LONQ = - 1 5 . 6 3 4 8 1 4  

RADAR = 4 S C F N S I I l N  CR I L A T R =  - 7 . 9 7 7 7 h 1 1  LONR = - 1 4 . 4 0 1 6 9 4  
A L T R  = 4 h 9 . 1 8 3 .  SRANGF = 7 3 4 ? 1 . 0 ,  F T I N O C  = O.n 

RAOAR = P R C T O R I A  CR v L A T R =  - 2 5 . 9 4 3 7 3 3 .  L'lNR = 2 8 . 3 5 8 4 f l 9  
4 L T R  = 5334.Q''h. SQANGE = 7 3 4 0 1 . 7 .  F T l h O C  = 0.7 

RADAR = C A Q N A P V O N  CR , L A T R =  - ' 4 . 9 1 7 4 7 3 .  L f l N R  = 1 1 3 . 7 1 6 0 7 8  

KAOAK = H A U A I I  C R  , L A T Q =  7 ' . 1 ? ' 7 9 2 ~  L I N R  = - 1 5 9 . 6 6 5 3 f l 3  
ALTQ = 3 7 4 0 . 3 4 7 .  S R 4 N G F  = 23+31.0, F T l k O C  = 9.n 

RA'3AQ = P T  A R C I I ' L L n  C R  , L A T R =  1 4 . 5 9 2 9 Q 3 ,  LqNR = - 1 2 ' 3 . 5 6 1 1 5 0  
4 L T R  211 '3 .526 .  $ R A N G E  = 2 3 V J . 3 ,  F T I N O C  = 3 . n  

R A C 4 R  = U H l T F  5ANDS C9 , L A T O =  7 7 . 3 5 3 2 2 " r  L O N P  = - 1 3 h . 3 6 3 5 5 4  
A L T R  = 4 " 4 2 . 1 " ? ,  SRANC' = 2 3 4 1 " . 7 .  F T I N n C  = 8 . P  

RAQAU = F G L I N  AFR C 9  L A T R =  q 1 . 4 ' 1 7 6 7 ,  L O N R  = - R h . 7 9 3 1 1 4  
A L T R  91.869, SRANGF = 1 T T 5 . 3 .  F T I N D C  = 0.0 

RAQAQ T A N A Y A P I V F  T L N  v LATR.  - 1 9 . n ) 3 1 1 9 e  L I N P  4 7 . 3 1 6 0 5 7  
4 L T R  = 4 3 2 9 . 5 ? 4 ,  ZRAYGC = > 3 4 7 1 . 1 .  F T l h O C  = 7 . 3  

RADAR = K A N 0  N I G F P I A  T t ' 4  , L A T O =  1 1 . 9 4 7 7 2 7 ,  L O N R  = 8 . 4 6 4 4 4 4  
ALTR = 16Q1.124 ,  SQANGC = 15'7.11. C T I N 9 S  = 0.0 

9 A r A R  = Y E H C l T T  I S L ? N D  F H v  L A T P .  ZR.57Y7721  L i l h R  = -9 '7 .653417  

R A ) A 9  2 5 Q A N n  RAHAMP C S  , L A T R =  7 4 . 6 3 2 9 5 7 1  L l N R  = - 7 8 . 2 3 7 h 5 4  

@ A D A 9  = RFPNl lOA SR , L A T Q =  1Z.lil'Hhr LONR = - h 4 . 6 5 8 1 4 1  
A L T R  = h 9 . 9 Q l r  S9ANC.E = 7 7 5 l l 1 . 1 .  F T l N n C  = 1.7 

RADAR = A Y T I G U A  I S L A N D  S P .  L b T R =  1 7 . 7 1 5 ~ 1 7 ~  L 1 N Q  = - 6 1 . 7 5 2 0 4 9  
A L T R  = 1 4 1 . C 8 3 ,  S Q A N G C  = ? ? 5 7 r ) l . q .  F T l h > C  = 1 . Q  

QLQAP = GPANII  C A N A R Y  S n  , L b T Q -  2 7 . 7 5 4 5 3 6 ,  L f l N R  = - 1 5 . 6 3 4 8 1 4  
A L T R  = 5 h 7 . h l 7 .  SHANC' = 7 2 5 l T , ) . C ,  F T l N n C  = 1.0 

Q A n A Q  = A S C F h S I U N  SR L A T P '  - 7 . 3 5 5 n 5 6 ,  L'lhR = - 1 4 . 3 ? 7 5 ? H  
4 L T P  = 1 9 4 3 . 0 2 7 .  SRANGE = 225133 . " r  F T I N L I C  = 1.q 

RAPAR = C A Q N A R U C N  SR , L A T R =  - 1 4 . 9 7 h b 4 7 r  L l l Y U  = 1 1 3 . 7 2 4 7 ~ 3  
P L T R  = 9 2 . C 7 5 ,  SRANGC = 7 2 5 3 Q 7 . f ~ ,  F T I h n C  = 1 .0  

PAOAD = SlJAM S R  , L A T R =  1 3 . 1 3 9 2 4 4 ,  L ' l N R  = 1 4 4 . 1 3 4 4 1 4  
A L T R  = 4 1 h . 6 4 7 ,  SRANGF = 2 7 5 7 7 7 . " .  F T l N D r  = 1 . n  

RADAR = H A h A l l  S H  , L A T P z  7 2 . 1 1 4 R 9 7 .  L O N R  = - 1 5 9 . 6 6 4 9 5 9  
A L T R  = 3773 .15 r ) .  S R A h C r  = 2 2 5 ) 3 0 . 3 ,  F T I N O C  = 1.rl 

UAOAU = G I I A V U A S  SR t L A T Q =  2 7 . 9 5 3 2 " h r  LI INP - 1 1 0 . 7 2 3 9 > d  

A L T P  = 3 9 . 3 7 2 ,  S P ~ N G E  = 2 3 4 7 0 . n ~  FTI~DC = o.n 

A L T R  = 6 8 2 . 2 r 9 ,  SRAPICC = 2 5 3 7 . 0 .  FTINDC = 8 . 2  

L L T R  = 2 0 3 . 4 2 ' .  S U A N G E  = ? 1 4 r - . n ,  FTINOC = r.1 

A L T R  = 3 2 . 8 1 ) .  S Q A ~ C F  = 2 2 5 > 7 0 . 0 ,  F T I ~ ~ C  = 1." 

ALTR = i h . 4 ~ 5 .  S Q A N C E  = ' > 5 3 7 7 . q r  F i i h n c  = 1.n 

A L T R  = 6 2 . 3 3 9 .  S Q A N G F  = ~ 7 5 7 3 0 . 0 .  F T I ~ D C  = 
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I -  
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V L U  

V 6 U  

Y bU 

V b U  

14 

I *  

I4 

I i  

3, 

4- 
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4 

1 

1' 

1 8  

l i  

13 

1 

b U  

6 U  

TABLE 2.0-VI I I . -MISSION RADAR TIMELINE - Continued 

(e) LM acquisition and termination - O'minimum elevation 

U L Y  "US M I N  5 L C  

3 

3 

3 

3 

1 

3 

3 

J 

3 

1 

3 

3 

1 

4 

* 
Y 

4 

4 

5 

5 

5 

5 

5 

5 

99 

4' 

44 

'I4 

9 8  

4 8  

4n 

' t V  

' I 8  

5 b  

56 

b b  

5.2 

> b  

b 

b 

5 1  

5 1  

CI 

51 

b 

5 

5 

4n 

'(4 

> , I  

LI 

5 

1 I  

' I  

11 

' I  

1 1  

1 1  

I7 

1 1 J  

I Zb 

12'. 

124 

124 

1 2 5  

1 1 5  

1 1 5  

115  

I 15  

115 

1 1 4  

I 1 5  

I16 

1.2, 

1 L 5  

I ZL. 

I 1 3  

1 1 4  

I 1 6  

2' 

14 

24 

24 

24 

14 

24 

1 4  

24 

1 9  

211 

24 

2'1 

24 

14 

1 '4 

z* 

14 

21 
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A I  t L V  x 
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7 9  

6 4  

- 7 2  

n b  

83 

8 7  

67 

8 3  

68 

-Yl 

b4 

70 

77 

Y U  

Y 7  

- d l  

- 0 U  

I 1  

v n  -42 

11 b N  

35 54 

47 43 

41 -49 

3v 5 1  

43 ' I  

55 35 

4u 1" 

44 * b  

56 A4 

40 - 5 0  

u vi1 

I *  I5 

51 J b  

5 9  31 

I 1  I V  

17 -63 

L b  - e ?  

1 6  I 3  

Y h A h u L  

-6 1 l . I S V I  

7 I l h b i d  

P 115431 

4 L l 4 Y I M  
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S T A T I U I I  ~ L H M I N A I I U N  U A I A  I I ~ I C I I N C ,  IIHL ~ I A T I O ~ *  A C U U I ~ L T I U N  U A T A  

HW5 P l l P i  5FC DAY t1*5 M ~ N  5 t C  " A  U t C  A /  ELV A I H I N G L  D A Y  H H S  M I N  5 E C  HA OEC A 1  L L V  X I H A N L E  

CAN L H  n 3'1 5 n  'I 5 15 1 1  I 2 6  1 4  7 2  b 3  2 7  - 1  2 1 4 3 2 0  4 5 50  I 4  1 2 b  2 9  V 0  7U 1 9  - J  2 1 5 b 1 2  

H A *  C S  0 35 I 4 5 15 1 7  1 2 5  1 4  1101 75 I 5  - J  2 1 4 U 7 5  

G I 1  C 0  11 i b  I b  'I 5 15 17 11'1 1 3  - 1 3  24 - 6 b  LU 2 1 , 9 9 5  

A 5 C  CLI U 1'1 26 .1 6 38 L U  I d 6  1'4 7 b  3 7  5 3  1 1  2 1 b 5 7 8  

PI1E L H  u 1'1 10 9 b J?  I b  1 2 0  1 %  I28 72 I4 - 1 1  2 1 5 3 4 7  

C A H  C R  n 1 9  I U  4 b 3 9  1 6  1 2 6  2 4  I 1 7  0 1  8 - 4  2 1 5 2 3 2  

H A *  C R  u 1 4  6 'I b 3 9  L 1  1 2 5  2 4  - 1 3 1  5 4  - 4  - 4  1 1 5 1 0 5  

( I T 1  C H  [I I 1  5' 4 b 3 9  3 3  I 2 5  2 3  - 6 7  9 - 0 1  2 3  21LIUtlb 

L l i - U L S L E N T  S f P 6 L  J t T T I S U N  * 

611 C b  L l  n 3 

1 5 c  LL' L O 3  

P H E  ( 8  U U J  

CAN L H  11 U J 

n r a  L ~ I  Ll (1 3 

6 1 1  c u  1, 9 Y7 

A S C  L d  u v 47 

4 b 5 3  3 6  1 1 5  '3  - b 4  b - 0 3  2 5  2 1 7 4 7 9  

4 6 53 3 b  120  1 *  1 7  '40 4 V  I U  2 1 5 6 5 1  

4 5 5 3  36 l 2 h  1 4  1 3 1  l i  I 1  - 1 1  2 1 4 5 4 V  

4 6 5 3  3 6  I 2 b  1 4  131 u *  5 - 4  1 1 4 Y Y V  

4 b b i  I h  1 2 h  1 Y  - 1 1 0  b I  -L) - 4  2 1 4 ' h S  

C O l 5 1  TU I N 5 ~ H I I ' l I  * 

4 5 5 0  I0 1 2 b  2 4  1 1 0  0 2  7 - 4  1 1 5 4 5 U  

'4 5 5 0  1 3  1 2 5  Z J  - 1 4  17 - 1 2  1 5  2 1 7 8 1 Y  

4 b 53 1 b  1 1 6  2 4  I 7  4 0  50 10 2 1 5 b b I  

4 b 5 3  2 b  I 2 b  2 4  I 3 1  7 5  I I  - 1 1  1 1 4 5 5 1  

4 6 5 3  Z b  1 2 b  2 4  I J I  0 4  5 - 4  l 1 4 L l 5 7  

'I b 5 3  1 b  126 1 4  - 1 l b  8 2  - 0  - '4  1 1 4 1 ( ? 3  

9 b 53 Z b  1 2 5  23 - 6 5  b - 8 3  2 5  1 1 7 9 8 b  

'I 0 5 3  31 1 2 6  Z J  - b 5  b - 8 3  L b  2 1 1 4 1 7  

4 b 5 3  J 8  1 2 6  I 7  YU 4 9  10 Z I 5 b Y Y  

4 b C 3  3 8  I 2 b  2 4  1 J 7  1 5  1 1  - 1 1  2 1 4 5 ' 1  

'I b 5 3  J8 I l b  2 4  I J Z  t l Y  5 - 4  Z l Y t Y b  

4 6 5 3  3 b  1 2 b  2'1 - 1 I b  8 1  - 0  - 4  1 1 Y Y h 3  

Y I 3 1 b  1 1 5  1 3  - b 3  5 - e 5  L I  1 1 7 1 * 8  

4 I 3 1 6  1 1 1  29 1 8  4 1  9 7  'I 2 1 5 1 3 1  
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PHE C B  

C A R  C M  

HA* C 0  

I S C  cn 

PRE C B  

C A R  C B  

HAW CB 

C 1 I  C8 

ASC C b  

P R t  C B  

CAW C 8  

H A U  cn  

C I I  c n  

A 5 C  C U  

P H L  C h  

C A H  C R  

HAW C B  

CVI C B  

ASC Cs 

P R E  c n  

?nACUIN(. 1 l M L  

HHS M l t 1  S E C  

0 22 5 5  

0 22' 5 6  

0 2 1  5 5  

0 2 4 4  

0 2 5 8  

u 2 5 9  

0 3 5  

0 10 I 

0 7 53 

0 9 4 7  

0 9 4 5  

u v 38 

0 7 bU 

0 '  7 bU 

0 1 LO 

0 1 6 U  

0 7 6 U  

0 0 1  

u u 7  

0 I1 7 

S T A T I O N  ACUU141TION D A T A  

D A Y  HN5 M I N  StC HA OLC A I  E L V  X 1 R A N G E  

4 7 2 1  4 5  120  23 I 5 9  77 5 - 1 2  2 1 3 9 b 7  

'1 7 2 1  4 5  1 2 6  1 3  * l b 4  8 5  - 1  - 4  ZL311b 

4 7 2 1  45  1 I b  23 - 1 0 4  76 - 1 4  -3 2 1 1 9 8 6  

C O A S T  T O  C 5 I  

4 7 4 4  40  1 1 7  23 1 U  51 3 9  7 215627 

4 7 4 4  40  1 2 7  1 3  - 1 7 1  7 0  - 1  - 1 2  2 1 4 9 3 1  

4 7 4 4  4 0  1 2 7  23 - 1 2 5  8 2  - b  - 4  2 1 4 0 8 7  

4 7 4 4  4 0  1 2 b  23 -99 7 1  - 1 9  -3 1 1 5 0 3 9  

E 5 1  BURN 

C O A S T  T O  R E N D E Z V O U S  R A D A R  T R A C t l N O  

S T A T I O N  T E R M I N A T I O N  D A T A  

D A Y  H R S  M I N  S E C  R A  DEL A 1  L L V  a I R A N G E  

I 4 4  90 127 23 - 1 7 7  70 - 1  - 1 2  214V3I 

7 4 4  'IO 1 2 7  23 -125 8 2  - b  - 4  2 1 4 8 8 7  

7 9 4  4 0  126  23 -99  7 1  - 1 9  -3 2 1 5 0 3 9  

7 Y7 2ri 127 23 80 5 1  38 b 2 1 5 7 Y 3  

I 47 38 127 23 - 1 7 4  7 8  - 1  - I I  2 1 5 0 8 3  

7 47 39  127 23 - 1 2 2  82  -7 -4 215U93 

7 '47 '16 12b  23 - 9 8  7 0  - 1 9  -3 215200 

4 8 52 4 8  1 2 M  23 bV 13 16  11 1 1 6 7 4 5  

4 I 5 2  48 I 2 1  23 82 6 6  2 3  3 I l Y J 6 5  

4 ~1 52 ~ t n  1 ~ 6  2 J  -123 10  -I7 - 1 1  214111 



CAR C D  

M A W  C 0  

C Y 1  C 8  

ASC C 0  

CRC c 0  

C A R  C B  

HAW C 0  

... 

C I I  C @  

ASC E 8  

w C D  

C A R  C 0  

M A W  C I  

C Y 1  C B  

ASC C B  

* R E  c 0  

CAR C I  

HA* C U  

WHS C B  

ANT C B  

ANT C B  

T H A C K I N G  I I M E  

HIS M I N  S L C  

0 0 7  

0 0 7  

0 3 b0  

0 3 b0  

0 3 b o  

0 3 bo 

0 J LO 

0 I I  LO 

P 10 LO 

0 IO bo 

0 I S  6 0  

0 111 LO 

0 13 I 1  

0 I 3  I 1  

0 1 3  I 1  

0 1 3  1 1  

0 1 3  I 1  

0 I 1  21 

0 10 Y U  

0 0 16 

S T A T I O N  A C U U l S I T l O N  D A T A  S T A T I O N  T E R M I N A T I O N  D I T &  

D A Y  HRS M I N  S E C  U A  UEC A I  F L V  a Y R A N G E  D A Y  HRS MIN SEC R A  OEC C L ~  I 1 R I N S E  

4 8 52 9 8  116 21 - 9 7  b I  -22  - 2  2111330 Y 8 52  4 1  I26 23 -17  b 8  -22  -1 21Y135 

4 0 62 Y I  126 1 3  - O ?  S b  - 3 Y  1 2 l Y b b I  q 1 52 Y O  l l b  23 -19 Sb -3q I ZIqbb3 

C O A S T  TO RENDEZVOUS R A D A R  T R A C K I N G  

’I 8 52 ‘I0 128 23 bV 13 76 21 21b745 

q 0 52 40 127 23 82 bb 23 3 z I 4 3 b 5  

4 8 52 Y B  1 2 b  23 - 1 2 3  7 0  -17 - 1 1  21~277 

4 I 52 4 B  126 23 -V7 b 0  - 2 2  -2 214310 

4 I S2 Y O  12b 2 3  -89 66 - J 4  I Z l ‘ I b b 3  

R C N O E Z V O U S  R A O L R  ~ R A C R I N G  

q v I S  

4 Q 1s 

4 V 15 

4 Q 1s 

’I Q IS 

9 v I 7  

v i n  

TPI B U R N  

4 1 56 48 12s 23 4? I 3  76 21 21b5Y3 

4 V 29 15 I 2 U  2q 5 9  2 0 0  31 2l75U3 a 
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APS BURN TO DEPLETION 



VEHICLE 

G I 1  CB 

PHE CB 

CAR CB 

HAC CB 

611 CB 

PRE CB 

CAR CB 

HAY CB 

PRE CB 

CAR Cbl 

HnW CB 

G T I  CL) 

A5C CU 

PRE CB 

CAR Cb 

nuu CL) 

G T I  CJ 

G T I  Cb 

ASC CB 

PHE Cb 

2 RADAR TABLE 

TRACKIN6 TIME 

HRS M I N  SEC 

0 9 60 

0 9 60 

0 9 60 

0 9 60 

0 38 14 

0 38 14 

0 38 14 

0 38 14 

0 4 43 

0 4 44 

0 4 45 

0 5 4  

0 18 24 

0 18 18 

0 18 15 

G 18 15 

0 18 2 

U 9 60 

b 9 6U 

0 9 60 

TABLE 2.0-VI I I. - MISSION RADAR TIMELINE - Concluded 
(1 )  LM acquisition and termination - 5"minimum elevation 

STATION ACQUISIT ION DATA 

DAY tins M I N  SEC R A  DEE AZ ELV x Y RANGE 

4 2 55 51 123 24 -100 49 -40 -7 215154 

4 2 55 51 124 24 80 30 60 8 216062 

4 2 55 51 124 24 78 33 56 10 215867 

4 2 55 51 I24 24 83 45 45 5 215329 

RENDEZVOUS RADAR TRACKINB 8 

4 3 5 51 123 24 -98 48 -42 -6 21489'1 

4 3 5 51 125 24 82 31 58 7 215640 

4 3 5 51 125 24 79 35 54 9 215442 

4 3 5 51 124 24 84 47 43 4 214918 

COAST TO DO1 BURN * 

4 3 44 5 125 24 86 39 51 3 216248 

L, 3 44 5 125 24 83 43 47 5 216043 

4 3 44 5 125 24 81 55 35 2 215582 

4 3 44 5 124 24 -92 41 -49 -2 216151 

ULLAGE FOQ DO1 RURN 

uor wnrv 

RE,dDEZVOUS R A D I R  TRACKING * 

4 4 38 3 125 24 69 11 79 21 217798 

4 4 38 9 125 24 94 50 40 -3 215808 

4 4 3tl 12 125 24 88 55 35 1 215608 

4 4 38 13 125 24 94 67 23 -1 215268 

4 4 38 26 124 24 -84 30 -60 5 216681 

COAST T O  PHASE MANLUVEH 

4 4 56 2 7  124 24 -81 27 -63 8 215969 

4 4 56 27 126 24 1 0  14 7 5  19 216673 

4 4 56 27 125 24 91 53 36 -4 214779 

STATION TERNINATION DATA 

DAY HRS H I N  SEc RA DEC AZ LLV X Y R A W €  

4 3 s 51 123 24 -98 40 -42 4 214897 

4 3 5 51 125 24 82 31 58 7 215640 

4 3 5 51 125 21 79 35 SI$ 9 k15442 

4 3 5 51 124 24 84 97 43 4 214918 

4 3 49 5 121 24 -92 11 -49 -2 216151 

4 3 44 5 125 21 86 39 51 3 216248 

4 3 44 5 125 24 83 45 47 1 216043 

C 3 44 5 191 2) E? SB 35 0 81sBIP 

C j 96 98 125 25 E? 9?r Sn 2 216445 

4 3 48 48 125 24 83 44 46 5 216240 

4 3 48 50 125 24 88 56 34 1 215790 

4 3 49 8 124 24 -91 40 -50 -1 216450 

4 4 56 27 126 24 70 14 75 19 216673 

4 4 56 27 125 24 9'1 53 36 -4 214'179 

ci 4 56 27 125 24 9@ 59  31 0 214589 

4 4 56 27 125 24 97 71 19 -2 214292 

4 4 56 27 124 24 -81 27 -63 8 215969 

4 5 6 27 124 23 -80 25 -64 9 215055 

4 5 6 27 126 24 71 16 73 19 216351 

4 5 6 27 125 24 99 57 34 -5 214508 



VEHICLt  

CAR CB 

HAW CB 

I G T I  cn 
ASC CB 

PHE C!j 

’ CAR CU 

MAW CB 

I 

G 1 1  CB 

A X  cu 

PRE CU 

CAR CB 

HAM Cb 

A b C  CU 

PRE CU 

CAR C U  

2 H a D A R  TABLE 

T K A C U I N G  TlhE 

nus M I N  SEC 

0 9 60 

0 9 60 

0 0 7  

0 0 7  

0 0 1  

u o 7  

u o 7  

0 0 42 

u 0 42 

0 0 42 

0 ti 42 

0 0 42 

ti 7 60 

0 7 6 0  

U 7 60 

0 1 60 

0 7 60 

STATIO’J ACtAJlSITION DATA 

DAY hhS MIN 5EC R A  DEC PZ FLV X Y RANGL 

4 4 56 27  125 24 90 59  3 1  0 214589 

4 4 56 27 125 24 97  7 1  1 9  -2 214292 

ULLAGE FOR P H A S I N G  BURN 

4 5 b 27 124 23 -80 25  -64 9 215855 

4 5 6 27  126 2U 7 1  16  73 19 216351 

u 5 b 27 125 24 99 55 34 -5 714508 

4 ’1 b L? 125 24 9 1  6 1  29 0 214371 

4 5 6 27 125 24 99 73 17 -3 214097 

PhASING BURN 

4 5 6 35 124 23 -80 25 -64 9 215856 

9 5 6 35 126 24 7 1  16  73 19 216349 

4 5 . 6  35 125 24 99  55 34 -5 214506 

’4 5 t 35 125 24 91 6 1  29 0 714320 

4 5 b 35 125 24 99  73 17 -3 21404b 

COAST A T  BURN ATTITLICE I 

U 5 7 17 124 23 -PO 25 -65 9 215859 

v 5 7 17  12h 24 71  17 73 19 216338 

Y 5 7 17  125 24 q9 55 34 -5 214499 

4 5 7 1 7  125 2U 9 1  6 1  29  -1 214313 

Y 5 7 17 125 24 99  73 16  -3 214040 

COAST T O  JETTISON DESCENT STbGE 

Y 5 15 1 7  170 24 7 1  l f l  7 1  18  216307 

L) 5 15 17  126 24 IC1 57 33 -b 214511 

4 5 15 17 12h 24 O 2  63 27  -1 PI4378 

STATION TERMINATIOFI DATA 

DbY HRS t ’ l Y  SEC Rbi DEC A2 ELV X Y RANGE 

4 5 6 27 125 24 9 1  6 1  29 0 234521 

4 5 6 27 125 24 99 73 17 -3 214047 

4 5 6 35 124 23 -80 25 -64 9 215856 

4 5 6 35 126 21, 7 1  16  7 1  19 216’49 

4 5 6 35 125 24 99 55 34 -5 214506 

q 5 6 35 125 24 91 61 29 n 214320 

4 5 6 35 125 24 99 7.3 17 -3 214046 

4 5 7 1 7  124 23 -80 25 -65 9 215859 

4 5 7 17  126 24 7 1  17  73 19  216338 

4 5 7 17 125 24 99  55 34 -5 214499 

4 5 7 17 175 24 91 6 1  29 -1 21U313 

4 5 7 17 125 24 00 7 1  16 -3 214nY0 

4 5 15 17 124 23 -79 24 -66 10 215995 

4 5 15 17 126 24 7 1  1 A  7 1  18 21h307 

L1 5 15 17 176 24 1 0 1  57 33 -6 2111511 

0 5 15 17 126 24 92 h 3  27 -1 21U32fl 

4 5 15  17 125 24 I n 1  7 s  15 -3 2 1 4 m  



Ull ct3 

A X  cu 

Pnt. L O  

C*n ;u 

I icn co 

S T , t T I O ' I  + ~ C , , I I I S I l I O ; J  OLTA 

, ) A I  11t.5 , n i t ,  5,:c i?n ~ E C  nz ELV x Y RANGE 

I 5 13 17 125 2u 101 75 15 -3 214075 

4 ! 15 17 124 ;3 -79 24 -66 10 215905 

I* 56 00 I ? b  5 4  76 37 53 11 216578 

' b  f 59 14 12h 24 117 81 6 -4 215233 

+ c "? 14 f 7 h  2 4  128 72 14 -11 215349 

k f i 9  ,.I 125 211 -1?1 84 -4 -4 215204 

I n 3 Y  3 3  125 73 -h7 9 -131 23 218086 

L b - I  i.'><L'.T i T I C - T  Jr T T I S C ; *  

U O L )  4 6 53 2h 125 23 -65 6 -83 25 217485 

u o 9  4 6 53 Zb 126 24 77 40 50 10 215661 

0 0 9  k C 53 96 126 24 137 75 11 -11 214557 

U " Y  i o s3 20 120 2 4  131 84 5 -4 214457 

L I  0 9 '4 L 53 26 126 24 -116 82 -8 -4 214473 

Lb, i.5c-, T l i T P O  'lUht 

DPY HRS 

4 5  

4 5  

4 6  

4 6  

4 6  

4 6  

4 6  

STATION T E R M I F J A T I O t :  D A T A  

P I N  SEC FlA OEC A2 E L V  X 

50 18 126 24 I 1 8  C 2  7 

50 34 125 23 -74 I? -72 

53  26 126 24 77 40 50 

53 26 126 24 131 8'4 5 

53 26 126 24 137 75 1 1  

53 26 126 24 -116 A 2  -8 

55 26 125 2 3  -65 6 - 5 3  

Y RANGE 

-4 215951 

IS 2 1 7 ~ 0  

10 215661 

-4 214457 

-11 214557 

-4 214473 

25 2174885 

4 6 53 36 125 23 -65 6 -I33 25 217479 

4 6 53 3 6  126 24 7 7  40 U 9  10 215652 

4 h 53  36 126 24 137 75 11 -11 214549 

4 h 53 36 126 24 131 84 5 -4 214449 

4 6 53 36 126 24 -116 8 1  -0 -4 214465 

4 6 53 38 125 23 -65 6 -83 25 217477 

4 6 53 38 126 24 77 40 U9 1 0  215640 

I) 6 53 38 126 24 137 75 I 1  -11 214547 

4 6 53 38 126 24 132 84 5 -4 2111446 

4 6 53 38 176 24 -116 A 1  -R -4 214467 

4 7 n 125 93 -tu 5 -s+ 26 2 1 7 7 ~  

I( 7 3 26 127 20 7P 42 47 9 21F132 

4 7 3 26 126 23 144 7 6  9 -11 21slOc 



VLHICLL 

CAR CB 

HAk Ctl 

A X  Cu 

PhL Cb 

CdH cu 

nrn CH 

ASC CL1 

PHE C t l  

CAH C I  

HHW ,.I, 

0 u 10 

0 0 lb 

0 U 16 

0 u 1,r 

u 2 '(c 

L 2 51; 



8 1  

CAI, c3  

C T I  co 

k Z C  C d  

PHE C 8  

HUN C b  

0 11 J7 

0 1u 1 

0 9 54 

0 9 48 

u 9 42 

u 7 bU 

u 7 6 U  

u 7 ou 

0 7 6U 

L 7 Ob 

5TuTlOI1 A C i l  ISITIOt ,  DATA STATION TER*ItJATIOiI O R T A  

m i  t+\:> III,~ SL-c R A  DES n2 FLV x Y RANGE nn.r HRS MIN SEC R A  DEC A Z  ELV x Y RANGE 

4 7 I44 +I> 127 2 3  -125 87 -6 -4 214H67 4 7 47 39 127 23 -121 82 -7 -4 215043 

4 7 t4  + t i  I?(,  ?3 -99 71 - l Y  -3 215039 4 7 47 46 126 23 -98 70 -19 -3 2152lO 

is1 1'1'Ri 

* 1 33 4 126 ?3 -100 72 -18 -3 215248 

4 P 34 .+b 127 23 68 9 A 1  22 217901 

4 e 34  47 127 23 81 62 27 4 215385 

4 R 34 53 126 23 -132 73 -13 -11 215137 

4 R 34 5Y 126 23 -91 60 -30 0 215446 

Loa57 19 C 3 t i  

4 8 44 41 126 23 -98 T n  -20 - 3  214685 

4 8 44 41 128 23 6R 11 7 R  21 217239 

4 8 44 41 127 23 82 65 25 4 214800 

4 8 94 41 126 23 -127 72 -15 -11 214693 

4 8 94 41 126 23 -90 58 -32 0 219999 

4 8 52 01 128 23 69 13 77 21 216752 

4 8 52 41 127 23 82 66 23 3 11U37O 

4 R 52 41 1% 23 -123 71 -17 -11 21UP81 

4 6 52 41 126 23 -97 6 A  -22 -7 214335 

L, 8 52 41 126 23 -89 5h -39 1 219660 

4 8 52 48 128 23 69 13 76 21 216745 

U H 52 4R 127 23 92 6h 23 3 214365 

4 8 52 48 126 23 -123 7!7 -17 -11 214277 

4 R 52 48 126 23 -97 hR -22 -2 214330 

4 4 52 41) 126 23 -69 5h -34 1 214663 



82  

L , T . \ l  I O ' i  *IC I ' I ' > I T I O l ,  D A l n  

D 9 1  tiH5 F. I l l  SEC P P  bt.C A2 FLV h I fiA:Jtit 

4 5 \?  ' ih  121, 23 -97 68 -22 -2 714330 

I+ t r ;  II'J 126 2 3  -Pq 56 - 3 4  1 214bh3 

hF,l3EZVOllS I tAnAR T R I C K I N G  i 

1 



v t b l  L L l  I & A d A i l  I A d L E  

I t A L K l L b  I I H L  

r i t 5  I l l y  SEL 1 

i 4: 4 7  

I 27 i a  

9 J j J  

3 5 4  3 0  

4 ? 7  16 

I 3  4 33 

I^ 7 3 5  

S T A l I ~ d  A L Q U l S l T I U N  OATA S T A I I I I N  T E @ M I N A l L f l N  DATA 

;AY H k b  M l k  S E C  i A  OEC A 2  L L V  A Y R A N G t  UAY H R S  WIN StC k A  OEC A 1  E L V  X V RANGE 

4 13 7 9 12a 2 2  - 7 2  I4  - 7 0  1 8  2 1 ~ 1 1 2  4 13 5 2  5 6  13Q 2 2  - b R  5 - 8 5  2 2  2 1 8 0 3 4  

4 1 3  7 9 I ? @  22 -77 2 1  -31 - b b  2 1 2 7 C R  4 1 4  34 2 7  130 2 1  - 6 7  5 - 7 7  -67  2 1 9 4 8 3  

+ I !  7 ; 129  ;3 - d i  >o - 3 4  5 2 1 4 0 8 1  + 1 7  10 3 0  1 3 3  2 1  - 7 1  5 - 8 5  2 -  2 2 4 8 7 2  

4 1 3  7 129 24  16 2 5  -br 1 4  2 1 5 2 4 7  4 1 9  I 4 5  135 2 1  - 6 .  5 -8(, -bn 2 2 8 8 1 7  

* 3 1 7  1 3 5  2 :  6 8  5 - I 7  b7 L2b732 5 2 2  30 3 6  156 1 1  i n 7  35 23 52 j c p n r c  

5 i 2 2  2’ 1 4 3  I 1  73  5 -74 7 2  1 4 5 7 8 7  5 1 5  2 b  5 3  1 5 1  1 3  - 7 8  5 - b 7  -77 2BTHCh 

, i ‘  35 5 2  145 1 5  c a  5 - 7 7  o7 267195 5 2,; 4 3  27 154 1 2  -12 5 - 7 5  - 7 1  2 9 6 2 7 ~  

17 MAY h i  ~ L . I  L J A S T  A F I E d  APZ d U K , i  I d  D E P L E T I I I I I  

83  
b L t I I I L L  2 PADAH TAbLk 

5 T A T I O N  AC > U I S I T I U I I  DATA STATION T E R ~ I N P T I C V  QPTA l t , n L h l w  T I M t  

I IH5 MI14 StC L M Y  tdiS “n I l l  5LC f?n UEC Az ELV X Y RANGE DAY NRS M I N  SEC R A  DEC A Z  ELV X Y RANGE 

4 9 43 52 127 23 -90 57  -33 n 215493 CAR CL, 0 14 37 4 9 25 15 127 23 -92 60 -30 -1 214650 

hhk C u  (I 14 4u 4 9 29 15 127 23 -86 I(R 4 2  3 215063 4 9 43 55 127 23 -84 45 -45 II 215941 

CObST TO Liilr BRAK1t.G GATE * 

CCAST TO 3RD BRAKING GATE 

3HD BR.iKIM> MANEUVER 

COAST TU 4TH BRAKING GATE 

4TH BHANI\IG MANEUVER * 

CuAST TO 5TH BRAKING GATE 8 

51h BHBNIhG MANEUVER 

COAST TU UOCKING * 

APS BURN TO DEPLETION 
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TABLE 2.0-1X.- MISSION SHADOW TIMELINE 

(a) CSM 

L I G H T I N G  C O N D I T I O N  FOR VEH 1 

17  M A Y  6 9  72 .1  COAST F R O M  E n 1  TI? T L I  

V E H  IN SlJN L I G H T  AT PHASE I N I T I A T I O N  

T I Y F  SPENT IN R E G I O N  
DAYS HRS Y I Y S  S E C S  D4YS HRS Y I N S  

VEH ENTER INT. FARTH PENIIYRRA 0 7 3 %  2 2 . 5  

0 0 0  

V E H  E N T E R I N G  EARTH UMBRA 0 0 3 2  3 0 . 3  

0 0 37 

VFI- ENTERING EARTH PFNUMRRA 0 1 9 4 2 . 1  

0 0 0  

VFH ENTERING SUNLIGHT 0 1 9 5c.4 

0 3 50 

VFF FNTFRING EARTH PENUYRFA 0 2 'I 3 0 . 1  

0 0 0  

VEH ENTERING CARTH UMRPA c) 2 3 3 8 . 0  

17 M A Y  69 7 2 . 1  COAST F R C H  T L I  TO LO1 1 

SECS 

7 . 9  

1 1 . 8  

R. 3 

39.7 

7 . 8  
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L I G H T I h G  C O N D I T I C N  FOR VEH 1 

1 7  M A Y  6 9  7 2 . 1  COAST FROM L O 1  1 TO LO1 2 

VEP IN 5UN L I G H T  AT PHASE I N I T I A T I O N  

VFP ENTERING LUNAR PENUMPRA 

VEH ENTERING LUNAR UMBRA 

VEH ENTFR I N G  LUNAR PENUMBRA 

VEH ENTER I Y G  SUNLIGHT 

VEH ENTERING LUNAR PENUMRRA 

VEH ENTERING LUNAR UMBRA 

VEH ENTERING LUNAR PENUMBRA 

VEH ENTERING SUNLIGHT 

T I M E  SPENT I N  REGION 
DAYS HRS M I Y S  S E C S  DAYS HRS MINS SECS 

5 1 2  

5 12 

5 5 9  

5 5 9  

7 2 1  

7 2 1  

8 7  

9 7  

34 .4  

4 7 . 4  

15.5 

30.9 

3 . 4  

17 .7  

47.0 

59 .6  

0 9 0 13.0 

0 0 4 6  28.1 

0 0 0 1 5 . 4  

0 1 2 1  3 2 . 4  

0 0 0 14.4 

0 0 4 6  2 9 . 3  

0 0 0 1 2 . 6  

1 7  M A Y  6 9  72.1 COAST F R O M  LO1 2 TO LM SEPARATION 

L I G H T I N G  C O N D I T I O N  FOR VEH 1 

1 7  M A Y  6 9  72 .1  COAST F R l M  T L I  T C  L O 1  1 

VEH IN 5UN L I G H T  AT PHASE I N I T I A T I C N  

T I Y E  SPENT I N  i lEGION 
DAYS HRS Y I N S  SECS DAYS HRS H I N S  SECS 

1 7  M A Y  6 9  7 2 . ~  COAST Faan LOI 1 T O  LOI 2 
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L I G H T I N G  C O N D I T I O N  FOR VEH 1 

17 MAY 6 9  7 7 . 1  C O A S T  F P O M  L O 1  2 TI: L V  S E P A R A T I O N  

VEH I N  SUN L I G H T  A T  PHASE I N I T I A T I C N  

V F H  EFJTEP 1°C L U N I R  PEYUMPRA 

V F H  E N T F R I N G  LUNAR UMBRA 

VEH FfJTFR I N G  LUNAR P f  NUMRRA 

VEH E N T E R I V G  S U N L I G H T  

V E b  E N T E R I N G  LUNAR PENIJMPR4 

V E F  F N T E R I U T ,  LUNAR UMPRA 

VEH FNTFR I Y G  LUNAR PENIJYRRA 

VEH F N T F Q  I N G  S U N L I G H T  

VFb E N T E R I N G  LUN4R PENIJYRRA 

VEH F N T E Q I V C  LUNAR UVRRA 

VCH FNTFR IN(: LUNAR P F N U W R A  

VEP E N T E R I N G  C U N L I G H T  

D A Y S  HRS M I N S  

3 

3 

3 

3 

3 

1 

1 

3 

3 

3 

1 

1 

Q 2 1  

9 2 2  

10 R 

10 8 

1 1  21 

11 21 

1 2  5 

1 2  7 

13 19 

1 3  13 

14 5 

14  5 

S E C S  

5 8 . 3  

8.7 

14 .3  

25.0 

41.0 

5 1 . 7  

53.5 

1.2 

17.7 

28.5 

3 3 . 3  

48.2 

T I Y E  SPENT I N  R E G I O N  
DAYS HRS M I N S  SECS 

0 0  

46 

0 0  

1 12 

0 5  

0 45 

0 0  

1 12  

0 0  

c! 46 

9 0  

10 .4  

5 -6  

10.7 

16 e 0  

10.2 

59.3 

10.6 

16.5 

1 7 . 9  

4.8 

14.9 
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L I G H T I N G  C O N D I T I O N  FOR VEH 1 

TIME SPENT I N  R E G I O N  
DAYS HRS Y I N S  SECS D 4 Y S  HRS M I N S  SECS 

VEH E N T E R I N G  LUNAR PFNIJMBR4 

VEH F N T E R I N G  LUNAR UMBRA 

VEH ENTER I Y G  LlJNAR PENUMBRA 

VFC F N T E R I N G  S U N L I G H T  

VEH E Y T F R I N G  LIJNAR PENUMRRA 

V C V  E N T E R I N G  LUNAR UYBRA 

VEH E N T E R I N G  LUNAR PFNUMRRA 

V E H  E N T E R I N G  SUNL I G H T  

VFH E N T E R I N G  LUNAR PENUMRRA 

V E h  E Y T E R I N G  LUYAR lJMRRA 

VFH F N T G R I Y G  LUNAR PENUMBRA 

VEH E N T E R I N G  SUNLIGHT 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

1 5  17 

15 18 

16 4 

16 4 

17 16 

17 16 

18 2 

18 2 

19 14 

19 15 

20 1 

2 3  1 

51.3 

6.4 

11.3 

22.1 

38.4 

49.1 

48.3 

5R.5 

14.7 

25.4 

31.3 

41.4 

0 1 12 

0 D O  

0 0 46 

0 0 0  

0 1 12 

0 0 0  

0 0 45 

0 0 0  

0 1 12 

0 3 0  

0 0 46 

0 0 3  

3 - 0  

1 5 . 1  

4.9 

10.8 

16.4 

10.6 

59.2 

10.2 

16.2 

10.7 

5.6 

10.3 
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L I G H T I N G  CCYDITION FOR V F H  1 

T I M F  S P F N T  IN R E G I q Y  
D A Y S  H4S h(IrYS SECS DAYS HRS M I N S  SECS 

o I 12 10.7 

V E H  E N T E R I N G  LUNAR PFNUMBR4 3 2 1  13 52.1 

0 0 0.4 

V F b  F N T F P I Y G  LUNAR UMBRA 3 21 14 .5 

0 0 46 7.6 

V E H  F N T F R I N G  LUNAR PkNUMRRA 3 2 2  '3 8 .1  

0 0 0 10.9 

V E H  F N T F R I N G  S U N L I G H T  3 2 1  3 i9.r 

0 1 12 16.5 

V E H  ENTER I Y G  LUN4R PENI lMRR4 3 2 3  l ?  35.5 

0 0 0 10.R 

V F H  E N T F P I Y G  LUNAR UMRRA 3 '3 I ?  46.3 

0 0 46 4.3 

VEH ENTFR I N G  LUKAS DFNUMBR4 3 2 3  5 9  53.6 

0 0 3 13.8 

V E H  FNTER ING S C N L I G H T  3 2 %  59  4.3 

0 1 12 7.6 

V c H  F N T F R I Y G  LUNA9 PFNlJYBRA 4 1 11 12.0 

0 3 0 11.6 

V F H  = N T E R I N c  LUNAR UMRRA 4 1 1 1  22.5 

r) 0 46 6.0 

V E H  E N T F Q I N G  LUNAR PENUMRR4 4 1 5 7  28.5 

n 0 0 10.5 

VFt r  E N T E R  I N G  SUNLIGHT 4 1 5 7  39.n 

17 MAY 69 72.1 C f l 4 S T  F R C M  L M  S E P  T O  L u  J E T T I S O N  



L I G H T I N G  C O N D I T I C N  FOR VEH 1 

1 7  Y A Y  6 9  72.1 COAST FROM LM SEP TO LM J E T T I S O N  

V E F  I N  SUN L I G H T  AT PHASE I N I T I A T I G N  

T I M E  S'PENT I N  R E G I O N  
DAYS HRS Y I N S  SECS DAYS H R S  M I N S  SECS 

V E b  ENTERING LUNAR PENIJYBRA 

V F H  ENTERING LUNAR UMeRA 

VEh E N T F R I N G  LUNAR PENUYR94 

V'P ENTEP I N G  SUNLIGHT 

V E F  F N T E R I N G  LUNAR PENUMBRA 

V F H  E N T E P I N G  LIJNAR UMBRA 

V E k  ENTERING LUNAR PENtJMRRA 

V F H  EYTERIWG SUNLIGHT 

VFI -  ENTERING LUNAR PENUYPRA 

VEP C N T E 9 1 t I G  LUNAR UMPR4 

VEP FNTrR IbG LIJNAR PFNUV@RA 

V C P  E N T E P  IhG SUNLIGHT 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

3 9  

3 10 

3 56 

3 56 

5 9  

5 8  

5 54 

5 54 

7 7  

7 7  

7 5 3  

7 51 

52.8 

3.6 

9.0 

1 2 . 5  

29.2 

39.R 

44.0 

5 5 . 2  

8 . 7  

17.9 

21.4 

3 2 . 3  

0 9 0  

0 0 46 

a 3 0  

0 1 1 2  

a 9 0  

0 0 46 

o 0 0  

0 1 12 

0 g o  

3 0 46 

0 0 0  

10.7 

5.4 

3.5 

l b . 7  

10.6 

5 . 0  

10.4 

1 3 . 5  

8 . 3  

4.4 

10.9 



L I G H T I N G  C C N D I T I C N  F O R  V E H  1 

VEH E N T E R I Y G  

VFH E N T F Q  I Y G  

VFH E N T F Q I Y G  

VFW C N T F K I N G  

VFH E N T E R l ’ J r J  

VEH E N T E R I N G  

VFH F N T C Q I I \ I G  

v E r  F N T C Q  rw; 

LUNAR PFNUMRR4 

LUNAH UM@‘?A 

LUNlZR PFNI IYPR4 

SUNL I G H T  

LUNAR PFNUMHR4 

LUNAR UMSRA 

LUN4R PENIJMflP 4 

(IJNLIGHT 

PAYS HKS Y I N S  S E C S  

9 5  

9 5  

9 5 2  

9 5 2  

11 4 

11 4 

1 1  5 3  

11 5 3  

49.8 

.h 

2.8 

14.6 

26.6 

37.1 

42.1 

5 2 . 7  

D P Y S  

0 

0 

r) 

0 

n 

c 

n 

0 

HRS H I N S  

1 1 2  

0 0  

r) 46 

0 0  

I 1 2  

0 9  

0 45 

0 0  

T I M E  SPENT I N  R E G I O N  
I S E C S  

1 7 . 5  

1 0 . 8  

2.1 

11.9 

11.9 

19.5 

5 . 1  

1 0 . 5  

1 7  HAY 69 7 7 . 1  CCl4ST F R c M  C Y  J E T T I S C N  T O  T E I  
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L I G H T I N G  C O N D I T I O N  FOR VEH L 

17  Y A Y  69 72.1 COAST F R O M  LM J E T T I S O N  T O  T E I  

VEH I N  SUN L I G H T  AT PH4SE I N I T I 4 T I O Y  

TIME SPENT I N  REGION 

VEI- E K T E Q I Y G  LUNA9 PENUMBRA 

V E H  EFITFRINC, L U N 4 9  U Y R 4 4  

V F F  E N T E R I N G  LIJNAR PFNIJYPQ4 

VEH ENTFP I N G  SUNLIGHT 

VFH E N T E R I N G  LUNAR PFNIJMRPA 

VEF W T F Q I N G  LUNAR UMRH4 

VEH E N T E R I N G  LUNAR PFNUYHR4 

VFP ENTER IWG S U N L I G H T  

VFP = N T F F  I Y G  LUNAR PFNIJYBRA 

V € H  E N T E R I U G  LUYAR UWF3RA 

V F W  EYTERTYG LIJNAR p f Y \ I Y P R A  

VFF FNTER I Y G  T I I N L I G H T  

O A Y S  HRS M I Y S  S E C S  

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

13 3 

13  3 

13 49 

1 3  49 

15 1 

15 1 

15 48 

15 49 

17 7 

17 7 

17 45 

17 44 

10.9 

21.6 

27.9 

30.8 

47.2 

57.8 

3.1 

13.5 

26.4 

34.8 

39.8 

53.7 

Days H R S  MINS 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 0  

r) 46 

0 0  

1 12 

0 0  

fl 46 

n o  

1 12  

0 0  

n 46 

D O  

SECS 

10.7 

6.3 

2 . 9  

16.4 

10.6 

5 .3  

1’3.4 

12.9 

8.3 

5.c 

13.9 
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L I G H T I N G  C @ N @ I T [ O N  FOR V F Y  1 

T I Y E  SPENT I N  R E G I I N  
D A Y S  PQS Y I Y S  SECS D 4 V S  H R S  Y I N S  S F C S  

1 12 17.1 0 

VEH F U T F R I Y G  LUNdR PFNUMRRA 4 1 9  5 1  7 . H  

n q -  i )  . 
VFH ENTERING LUNAR UMRRA 4 18 59 lA.h 

P 0 4 6  2.1 

V E H  ENTER IYG LUNAR PENUMSPA 4 1 2  45 20.7 

VEP F N T F R I N G  S U N L I G H T  4 l ?  45 11.5 

0 1 12 11." 

VFH F h T F Q  I Y G  LUNAR PENtJMRRA 4 1,- 5 7  44.5 

n n 0 10.5 

VFH E N T E R I Y G  LUNAR UMBRA 4 2 0  5 7  5 5 . 1  

c n 4 6  5.4 

V'h FNTrF:  I W  LIJNAR PFFJUYRP4 4 2 1  4 4  .5 

P ,l -I 1' .' 
V r M  F N T E Q  IVG S U N L I G H T  4 7 1  4 4  11. '  

c, 1 1 2  t ? . ' )  

V c P  FNTFF IVC, LUNAR P F Y t J Y R R A  4 1 2  55 7C.6 

,- - 1 4 .  

V E H  " N T E D I Y T .  L(1NA.R UP"HQ1 4 22 56 3 4 . 6  

0 ,, 4 h  ,' . i 
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L I G H T I N G  C O N D I T I O N  FOR V E H  1 

T I M E  SPENT I N  R E G I O N  
DAYS HRS Y I W S  S E C S  D A Y S  HRS M I N S  S E C S  

0 1 1 2  17.1 

V F H  FNTER I N G  LUNAR PENUMBRA 5 0 55  4.6 

r? 0 0 10.9 

\ /FH E Y T F R I N G  LllNAR UMRQ4 5 (? 55  15.5 

VEH FNTFR I Y G  LUNOR PFNUMRRA 

V c H  F N T C R I N G  SUNLIGHT 

\ /EH E N T E R I N G  LUNA9 PENIJMRPA 

VFH E N T E H I Y G  LUYAR U*IRRA 

!/FH E N T C R  I N G  LUNAR PFNUYRR4 

V F P  EYTFP I Y G  SUNLIGHT 

VFH E Y T E Q  I h l G  LUNAG P E h l t l Y H R 4  

V 'H E Y T C R I N G  LUYAR UfJRPFA 

V E H  E N T c R  IYC LUNAR PFNllYRRb 

V F h  ENTEQ I N G  S U N L I G H T  

0 r) 4 6  6.4 

5 1 4 1  21.9 

0 0 0 8 . 3  

5 1 41 30.2 

0 1 12  11.9 

5 2 5 3  42.1 

0 0 0 10.4 

5 2 5 3  52.5 

0 n 4 6  5.2 

5 3 3 3  57.7 

0 0 C 19.7 

5 3 4 1  8 .3  

0 1 12 16.4 

5 4 5 2  24.7 

0 0 0 1 .8  

5 4 5 2  26.5 

0 0 4 6  7.3 

5 5 39 33.8 

0 Q 0 10.6 

5 5 3 8  44.5 
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L I G H T I N G  C C N D I T I O N  F O R  V E H  1 

T I Y E  SPENT I N  R E G I O N  
C A Y S  HRS Y I V S  SFCS 0 4 Y S  H R S  M I N S  S E C C  

0 1 12 17.1 

V E H  E N T E R I N G  LUNAR PFNIJMPRA 5 6 5 1  1.5 

0 a 0 13.9 

V F H  EhrTERING LUNAR 1JMRRA 5 51 12.3 

0 0 4 6  4 . 2  

V E H  FNTER I N G  LUNAR PF rY1JMRRh 5 7 3 7  16.6 

0 0 C 1 4 . 6  

V F H  ENTFR ING SUNC I G H T  5 7 37 31.1 

17 VAY h9 72.1 C’3AtT F R C Y  T E l  T O  ENTQV 

L I G H T I N G  C C N O I T I C N  F n R  V E H  1 

1 7  Y A Y  A 9  7 7 . 1  COAST F P r l M  T E I  T O  F Y T R Y  

V F H  I N  5IIN L I G H T  AT PHASF I K I T I A T I C N  

T I Y r  S P E Y T  I N  R F G I l l P l  
C A Y S  WYS Y I Y ’ i  S E C S  Q 4 Y S  k.9S H I N S  SEC5 

V E H  F N T F P I N G  E A P T H  PCNIIYPR4 7 2 2  5 5  54.1 

V E H  E N T E R I N G  FARTH I l M R Q A  7 2 7  5 7  7 . 1  



TABLE 2.0-IX. - MISSION SHADOW TIMELINE - Concluded 

(b) LM 

L I ( . H T I N G  C O N D I T I O N  F O K  UEH L 

R E d I J t l V U U S  R A U A H  T R A C K I N G  

L U N A H  P t N U H M d A  J t H  E N  A T  P H A S E  l N l T I A T l O N  

r i M t  S P E N T  IN R E G I O N  
D A Y S  r ( R 5  H l N S  S t C S  uAY5 H K S  i l l N S  S E C 5  

V t t i  E N T E R I N G  LU,*AK U N B K A  ’i 3 9 5 1 . 5  

C O A S r  T O  D O 1  B U H d  

U L L A b E  F O R  0 0 1  U U H N  

COAST T i l  J E T T I S O N  L l t ’ a L t N I  5 l A 6 t  
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coAsr  10 I N S L H T I O N  

C U A > I  T U  CSI 

C O A 5 T  T U  C U t I  . 



9? 

LIGHTING CONDITION Fori V E H  z 

H E d D t L V U U S  H A U A H  T R A C K I N 6  

L U N A R  P[ .NUMUHA J t H  E1J A T  P H I S E  I N l T l A T I O N  

1 1 1 3 C  S P E N T  I N  R E G I O N  
D A Y S  t1RS f i 1 N S  SkCS U A Y S  HNS M l N S  S E C S  

C O A 5 T  T O  j H D  H H A K I N b  ( $ A T E  

. 
. 

0 



TABLE 5.5-1.- SUMMARY OF EVENTS FROM TLI CUTOFF THROUGH LOX DUMP 

5700 

'1800 

6300 

7500 

7505 

rime from TB-7 

s e c  b 

0 

20 

900 

1200 

1500 

1535 

1540 

1660 

1780 

1930 

1935 

5400 

5500 

6600 

7200 

710 5 

7020 

Event 

o l d  cu to f f  a t t i t u d e  

ommand and hold l o c a l  
h o r i z o n t a l  

n i t i a t e  maneuver t o  
s e p a r a t i o n  a t t i t u d e  

' reeze s e p a r a t i o n  a t t i t u d e  
i n e r t i a l l y  

legin SC s e p a r a t i o n I S U  
j e t t i s o n  

l u l l  0.3 f p s  s e p a r a t i o n  
r a t e  

' i t c h  180° (SC) 

l u l l  p i t c h  
itart r o l l  60O 

i u l l  0 .5  f p s  sepa ra t ion  
r a t e  and i n i t i a t e  1 f p s  
c l o s i n g  r a t e  

i u l l  1 f p s  c los ing  r a t e  

3egin dock 

LM/C:;M undock from S - I V B  

ilaneuver t o  evas ive  
maneuver a t t i t u d e  

Begin SI'S evasive maneuver 

Heceive ground command t o  
s tar t  'Ti3-kl 

S t a r t  m:ineuver t o  LOX dump 
u t t  i t u d r  

AV 9 

f p s  

0.8  

.3 

1 . 5  

1 

1.6 

20 

1 ? C  
~- 

Comments 

, a t e s t  t ime  for 
maneuver t o  be 
completed 

.X RCS 

. . S/deg/sec 

5 deg/sec 

PX RCS 

-X RCS 

?s t imated worst  
ca se  dock 
completed by 
TLI  p lus  1 . 5  h r  

sp r ing  e j e c t i o n  
and 5 sec -X FCS 

P i t c h  down 75' with 
r e s p e c t  t o  l o c a l  
h o r i z o n t a l  
0 .5  deg / sec  r a t e s  

SPS between 1 : 3 5  
and 1:50 a f t e r  
TLI  

E a r l i e s t  p o s s i b l e  
t ime t o  i n i t i a t e  
TB-8 

Local h o r i z o n t a l  
a t t i t u d e  
p i t c h  = 19h0 

r o l l  = 180" 
yaw = 00 

'',I%,. SC maneuver t imes w i l l  b c  r c fe rcnccd  t o  TLI i g n i t i o n ,  t h e  LV maneuvers t o  Tn-7 .  

b'?he t i n e s  of t he  SC maneuvers r c fe r rnced  to 'TR-7 (column 2 )  a r e  spproximate and 
l i m ~ i i  on !L 300-second T L I  burn t ime .  These time?. w i l l  change us TI.1 burn t i m ?  chnngcs.  
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TABLE 5.7-1.- TARGET LOAD FOR LOI-1  

[Propulsion system: SPS, guidance: ex te rna l  AV] 

( a )  Target 

hr  :min: sec ,  g .  e .t . . . . . . . . . . . . . .  76 :08:17.58 t I G '  

nvx, f p s .  . . . . . . . . . . . . . . . . . . . .  -2864.9 

nvy, f p s  . . . . . . . . . . . . . . . . . . . . .  43.7 

nv,, f p s .  . . . . . . . . . . . . . . . . . . . .  -92.0 

Weight, l b .  . . . . . . . . . . . . . . . . . . .  93 133 

(b ) REFST"C"%I: - 
0.93365762 -0.34652012 -0.090594013 

-0.07075493 -0.42639754 0.90176432 

-0.35110853 -0.83552915 -0.42262731 - 

I G  ( c )  Gimbal angles  a t  t 

I G A ,  deg . . . . . . . . . . . . . . . . . . . . .  
MGA, deg . . . . . . . . . . . . . . . . . . . . .  

221 

0 

OGA, deg . . . . . . . . . . . . . . . . . . . . .  0 
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T M L E  5.8-1.- TARGET LOAD FOR LOI-2 

[Propuls ion system: SPS, guidance:  e x t e r n a l  AV] 

( a )  Targe t  

hr :min: sec . g .e .t . . . . . . . . . . . . . .  80:32:11.97 t I G ’  

AV,, f p s  . . . . . . . . . . . . . . . . . . . . .  
AVy9 f p s  . . . . . . . . . . . . . . . . . . . . .  
AVZ9 f p s .  . . . . . . . . . . . . . . . . . . . .  
Weight, l b  . . . . . . . . . . . . . . . . . . . .  

( b )  REFSMMAT 

0.93365 762 -0.34652012 

-0.426397 54 0.90176432 

-0.83552915 -0.42262731 J 
( c )  Gimbal a n g l e s  a t  tIG 

I G A ,  deg . . . . . . . . . . . . . . . . . . . . .  
MGA, deg . . . . . . . . . . . . . . . . . . . . .  
OGA, deg . . . . . . . . . . . . . . . . . . . . .  

-137.5 

0 .0  

-4.0 

70 162 

210 

3 59 

360 



fJ 
E 
E 
E 
E 

t 
E 

E 
E 
E 

E 

Y 
(I 

r 

I 
+ 
I 
r r 

U 

c 

3 

W ? ?  9 ' 9 ? ? 0 9 " " ?  
w o  0 N O O t - N f W  

m l n  m ~ l n m ( u  
d r l r l  

1 1 1  
r l r l  

N 
rl 

9 9  O ? ? ? N . O O  . .  0 

co d 
0 0 0  0 0 0 0 0 0 0 0  

w. IA 
Waf h p .  
0 O N  

hp 0 

r lw -1m 

LnN w w  
d d  0 1 4  

? ? ? ? N - f . ? ?  m n  
a w  ln m m r l  
m n .  m ~ m z t E % 2 %  
w m  m m r  

t o n  ln o l n % E g 5 :  

? . .  
N rl 

In 

. . . .  . . . . . . . . . . . . . .  

. . . .  . . . . . . . . . . . . . .  m . I N  N m m r l n w w w  m 0 0  0 0 0 0 0 0 0 0  
r l d  rl r l r l r l r l d r l r l  
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TABLE 5.11-11 .- TARGET LOADS FOR D O 1  MANEUVER 

[Propuls ion  system: LM DPSl 

(a) Target 

hr:min:sec, g . e . t .  . . . . . . . . . . . . .  99:54:12.0 
t I G ’  

AVx, f p s  . . . . . . . . . . . . . . . . . . . . .  -72.77 

0 .0  

. . . . . . . . . . . . . . . . . . . . .  2.24 

AV f p s  . . . . . . . . . . . . . . . . . . . . .  
Y’ 

A V Z ,  f p s  

Weight, l b  . . . . . . . . . . . . . . . . . . . .  31 214.5  

( b )  REFSMMAT 

.93365762 -.34652012 - .090594013 

- .07075492 -. 42639752 .90176434] 11 
- .35110854 MNBY - .83552916 -.42262729 

= [ 
( c )  Gimbal angles  a t  tIG 

I G A ,  deg . . . . . . . . . . . . . . . . . . . . .  
MGA, deg . . . . . . . . . . . . . . . . . . . . .  
OGA, deg . . . . . . . . . . . . . . . . . . . . .  

-71.5 

-0.3 

0.1 
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TABLE 5-11-111.- TARGET LOADS FOR PHASING MANEUVER 

[Propulsion system: LM DPS] 

( a )  Target 

tIG, hr:min:sec, g.e.t. . . . . . . . . . . . . .  101:06:34.9 

AVx, fps . . . . . . . . . . . . . . . . . . . . .  
AV f p s . .  . . . . . . . . . . . . . . . . . . .  
Y, 

173.02 

0.0 

AVZ,  fps . . . . . . . . . . . . . . . . . . . . .  -86.62 

Weight, lb . . . . . . . . . . . . . . . . . . . . .  30 952.1 

( b )  REFSMMAT 

.93365762 -. 34652012 -. 09059401] 11 
-.07075492 -. 42639752 .90176434 

- .83 5 52316 -.42262729 '1 MNBY 

= [ 
-. 35110854 

I G  ( c )  Gimbal angles a t  t 

I G A ,  deg . . . . . . . . . . . . . . . . . . . . .  
MGA, deg . . . . . . . . . . . . . . . . . . . . .  
OGA, deg . . . . . . . . . . . . . . . . . . . . .  

-97.8 

-0.3 

0 .0  
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TABLE 5.11-1v.- TARGET LOADS FOR INSERTION MANEUVER 

[Propuls ion system: LM APS] 

(a) Target 

hr:min:sec, g . e . t .  . . . . . . . . . . . . .  103:03:29.2 t I G y  

avx, f p s .  . . . . . . . . . . . . . . . . . . . .  
AV f p s  . . . . . . . . . . . . . . . . . . . . .  
Y' 

AVz, f p s .  . . . . . . . . . . . . . . . . . . . .  
Weight, lb . . . . . . . . . . . . . . . . . . . .  

( b )  REFSMMAT 

J 

-. 090594013 1 .93365762 -. 34652012 
-. 42639752 .90176434 

-.a3552916 -. 42262729 

I G  ( c )  Gimbal angles  a t  t 

I G A ,  deg . . . . . . . . . . . . . . . . . . . . .  
MGA, deg . . . . . . . . . . . . . . . . . . . . .  
O G A , d e g . .  . . . . . . . . . . . . . . . . . . .  

-190.11 

0.0 

-96.70 

8380.1 

61.0 

0 . 3  

-180.0 



TABLE 5.11-v.- TARGET LOADS FOR CSI MANEUVER 

[Propulsion system: LM R C S ]  

( a )  Target  

hr :min:sec,  g . e . t .  . . . . . . . . . . . . .  103:54:39.9 t I G ’  

AVx, f p s  . . . . . . . . . . . . . . . . . . . .  50.32 

AV . fps . . . . . . . . . . . . . . . . . . . .  0.0 Y 

. . . . . . . . . . . . . . . . . . . .  0.0 d’J fps 
Z ’  

Weight, lb . . . . . . . . . . . . . . . . . . .  8202.9 

( b )  REFSMMAT 

,93365762 -.34652012 -. 090594013 
-. 42639752 .;...i434] l‘j MNBY 

- .83552916 -. 42262729 

I G  
( c )  G i m b a l  angles  a t  t 

I G A ,  deg . . . . . . . . . . . . . . . . . . . .  
MGA, deg . . . . . . . . . . . . . . . . . . . .  
OGA, deg . . . . . . . . . . . . . . . . . . . .  

105.8 

0.3 

-0.1 
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TABLE 5.11-VI.- TARGET LOADS FOR CDH MANEUVER 

[Propulsion system: LM RCS] 

(a) Target 

hr:min:sec, g.e.t. . . . . . . . . . . . . . 104:52:41.1 tIG' 

AVx, fps . . . . . . . . . . . . . . . . . . . . -0.7 

av , fps . . . . . * . . . * . . . . , . * . . . 
Y 

av , fps . . . . . . . . . . . . . . . . . . . . 
z 

Weight, lb . . . . . . . . . . . . . . . . . . . 

0.0 

5.78 

8155.9 

(b) REFSMMAT 

.93365762 -.34652012 

-. 07075492 - .42639752 

-. 35110854 -.83552916 

"1 = [ -. 090594013 

.90176434 ] 
MNBY -.42262729 

IG (c) Gimbal angles at t 

IGA, deg . . . . . . . . . . . . . . . . . . . . 
MGA, deg . . . . . . . . . . . . . . . . . . . . 
OGA, deg . . . . . . . . . . . . . . . . . . . . 

-74.3 

-0.3 

0.1 
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TABLE 5.11-VII.- TARGET LOADS FOR TPI MANEUVER 

[Propulsion system: LM RCS] 

( a )  Target 

hr:min:sec, g . e . t .  . . . . . . . . . . . . .  105:28:59.2 t I G '  

. . . . . . . . . . . . . . . . . . . .  AVx, fps 22.0 

AV fps  . . . . . . . . . . . . . . . . . . . .  0.0  
Y Y  

AVz, fps . . . . . . . . . . . . . . . . . . . .  

Weight, lb . . . . . . . . . . . . . . . . . . .  

-11.3 

8150.6 

(b)  REFSMMAT 

.93365762 -.34652012 -. 090594013 
-. 07075492 -. 42639752 .90176434] 

-. 35110854 -. 83552916 -.42262729 MNBY 

IG ( c )  G i m b a l  angles a t  t 

IGA, deg . . . . . . . . . . . . . . . . . . . . .  
MGA, deg . . . . . . . . . . . . . . . . . . . . .  
OGA, deg . . . . . . . . . . . . . . . . . . . . .  

-159.1 

-0.2 

-0.3 
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TABLE 5.14-1.- TARGET LOAD FOR T E I  

[Propulsion system: SPS , guidance : ex te rna l  AV] 

( a )  Target  

tIG, hr:min:sec,  g . e . t .  . . . . . . . . . . . . .  127 : 51 : 34.78 

AV,, f p s  . . . . . . . . . . . . . . . . . . . . .  
AVy,  f p s  . . . . . . . . . . . . . . . . . . . . .  
AV,, fps  . . . . . . . . . . . . . . . . . . . . .  

3238.9 

-263. o 

94.7 

Weight, lb . . . . . . . . . . . . . . . . . . . .  37 858 

0.93365762 

I - o  .35110853 

( b )  REFSMMAT 

-0.34652012 

-0.42639754 

-0.83552915 

I G  ( c )  Gimbal angles  a t  t 

I G A ,  deg . . . . . . . . . . . . . . . . . . . . .  
MGA, aeg . . . . . . . . . . . . . . . . . . . . .  
OGA, deg . . . . . . . . . . . . . . . . . . . . .  

0.90176432 

-0.42262731 

50 

3 57 

180 
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TABLE 5.16-11. - COMMAND MODULE MASS PROPERTIES 

CM weight 

Entry,  lb . . . . . . . . . . . . . .  
Main chute  deployment, lb . . . . . .  
Splashdown, lb . . . . . . . . . . .  

Center of g r a v i t y  i n  Apollo 
coordinate  system 

XA, i n .  . . . . . . . . . . . . . .  
YA, i n .  . . . . . . . . . . . . . .  
ZA, i n .  . . . . . . . . . . . . . .  

Moment of i n e r t i a  

slug-f t 2  . . . . . . . . . . . .  
IXX’  
Iyy, s lug- f t2  . . . . . . . . . . . .  
Izz, s lug- f t2  . . . . . . . . . . . .  

Product of i n e r t i a  

Ixy, s lug - f t2  . . . . . . . . . . . .  
slug- f t 2 . . . . . . . . . . . .  IXZ, 

Iyz, s lug- f t2  . . . . . . . . . . . .  

12 121.5 
11 564.7 
10 902.5 

1040.9 
-0.2 

5.8 

5824 
4826 
47 57 

44 
-427 

3 
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TABLE 5.1.6-111.- CONDITIONS AT ENTRY INTERFACE AND TARGET POINT 

Elapsed t i m e  from launch. hr:min:sec . . . . .  
I n e r t i a l  v e l o c i t y  . fps . . . . . . . . . . . .  
i n e r t i a l  f i i gh t -pa th  angle.  deg . . . . . . .  
I n e r t i a l  azimuth. deg . . . . . . . . . . . .  
Spacecraf t  geodet ic  l a t i t u d e .  deg S . . . . .  
Spacecraf t  longi tude.  d e g E  . . . . . . . . .  
Alt i tude .  f t  . . . . . . . . . . . . . . . . .  
Target geodet ic  l a t i t u d e .  deg S . . . . . . .  
Target longi tude.  deg W . . . . . . . . . . .  

191 :18 : 16 

36 210 

4-49 

98 56 

-18.315 

171.29 

399 720 

20.25 

165 
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TABLE 5.16-v. - ENTRY REFSMMAT AND GIMBAL ANGLES AT EI 

,89680623 

( a )  REFSMMAT 

,41920909 

.22903267 

87852591 .31238118_1 

(b) G i m b a l  angles  

I G A ,  deg . . . . . . . . . .  156 

MGA, deg . . . . . . . . . .  0 

OGA, deg . . . . . . . . . .  0 
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